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I 

INTRODUCTION 
A, The Data 

In the spring of 1930, the three nursery-school 
teachers of the Institute of Child Welfare rated each 
of thirty children on each of the 231 traits of the Cali¬ 
fornia Behavior Inventory, The thirty children con¬ 
stituted the entire enrolment in the Institute’s nursery 
school at that time. From one to two months after this 
task, was completed, each teacher re-rated the children 
on each of 31 selected traits. Both the first ratings and 
the re-ratings were performed independently by each 
judge; and no recourse to original ratings was had nt 
any time during the process of re-rating. All tile 
ratings were made on a seven-point scale in accordance 
with rather detailed directions. For the reader’s con¬ 
venience, these directions are, except for certain minor 
omissions, reprinted verbatim herewith (2). It will be 
noted, from the directions, that the teachers arc re¬ 
quested to rate each child in comparison wiih oihers oj 
the same age, In addition, each nursery-school teacher 
is asked to indicate the confidence with which she made 
every rating for each child, and also to make a judg¬ 
ment as to whether, for the particular child being 
rated, die particular trait being rated was of “central 
or dominating importance” in the given child’s per¬ 
sonality. 

A detailed description of the sample does not seem necessary for 
present purposes, it may sulfite to remark that the clientele of the 
Institute's nursery school is drawn mainly from the upper-middle 

[7] 
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and professional classes of Berkeley. CahKunu. Ac 'u vijeh 

testa as the Minnesota Pr**hi*»l bii»J lV MmilMUrnn, 

the average IQ of the nursery-school children blN mu riU Wm-rvn 
115 and 120 Although no special clinical study I'wwlr '4 « * WM 
befote admission to the nursery school. otsvinu* m 'rt J d?^in 

cases" arc in genet al nnt accepted-, on the w!*<]*-, ibrj?f«<;r, the 
miiseiy-school group may probably he considered a* m«ir r.t Ir-M 
"normal,” with possibly a slight overvveightius -A vhihUfM luvmg 
mild behavior difficulties at home, 05 \ht Mi cfoMirn m pirw 
study, 12 arc boys, 18 arc girls. As nl Match l. !4.Vt fihr time 
nbotit which the ratings were made), the rnerm auc «<1 the >v,t. 
41.4 months, the median, 42.5 months. The coric^vmhini ligiiir* 
for the girls are 41,1 mid 41.0. The boys ranged in anc Itiuu 3^ \» 
53 months (average deviation Irom the mean, 6.1) im.nilhj ; I he 
girls, from 23 to 57 months (average deviation. 7.2 months). 

B. Directions for Rati no 

1. The Trulls and Syinbnh 

The Behavior Inventory consists of n list ui mimhcird ts«U*. 
Each trait in the Inventory \m been described (o) lw ,i 'U',;gr iivc 
heading; and (fil by nn elaboration or illustration ui thr Itradiitg; 
in this elaborationi the Ju/o extremes of the trait arc rmhrr lull) 
ittxkstmei ot defined, nnd the middle or avtnujc nl lW trait u 
visually stated somewhat more briefly. 

Tlease give all children n rating for each trail, on « kv«d puini 
sealer 'Rate all the children far each \nd\vuhml frail , hvfrirf pro¬ 
ceeding to the next trait. Put your ratings nn the Data Sheri whivli 
bears the exact number of the trait you are rating. Kindly mu hr 
that on each Data Sheet, the children have been nrr.mgnl in unli'i 
of chronological age. When rating, please take the child* rhmnu- 
logical age into consideration. Each child should be rain! m»!> 
in £ 07 ii^aruo» with others of the same chronological age. 

The symbols.ta.be used in rating ore ns follows: 

y ; . 1 ’ i Child is extreme and outstanding, in the manner 

indicated m the h/i/ut third of the description .»i 
the tmit. (May be thought of as +4. |) 

^ U 2 ,K : Child is noticeably exceptional, in the dirrciimi in- 
■ cheated by the upper third of the description 
the trnit, (May be thought of as 44 ) 
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"3’': Child differs from the average for his age, leaning in 
the direction indicated by the upper third of the 
description of the trait. (May he thought of as 
+ ) 

''4"; Average for the child's age. (May be tliouf'lit of 
as 0 or it) 

"5"; Child differs from /he average [or his age, leaning 
in the direction indicated bv the lower third of the 
description of the trait. (May he thought of as —) 

"h 11 : Child is noticeably exceptional, in the direction in¬ 
dicated by the lower third of the description of the 
trait. (May be thought of as-) 

"7 11 : Child is extreme am! outstanding, in the manner 
indicated in the lower third of the description of the 
trait. (May he thought of as-!) 

A further way of amplifying the meaning of the symbols given 
above is as follows: 

"1"—should be given to about 2 children in 100. 

"2"—should he given to about H children in 100, 

"3”—should he given to about 23 children in 100, 

"4”—should be given to about 33 children in 1 (J0. 

"5”—should be given to about 23 children in 100. 

“6"—should lie given to about H children in 100, 

"7"—should lie given to about 2 children in 100, 

Notice that 80 per cent of the cases should fall within 3, 4, and 5. 
'flic remaining 20 per cent should lie placed at the extremes—1, 2, 
6, and 7. These figures apply to must (if not all) of the traits in 
the present rating scale, 

Additional Symbols 

a. Confidence of judgment, For each child, you are requested 
to record also the confidence with which you judge him in the par¬ 
ticular trait being rated. If your rating in the particular trait 
was made with an amount of confidence greater than average, please 
underscore "3" opposite the child’s name on the Data Sheet. if 
your rating was made with an average amount of enn fide iter, un¬ 
derscore "2." If your rating was made with an amount uf confi¬ 
dence less llian average, please underscore "I." 

b. Traits of ct'Jifrrrf impurlu nrr. 11 you consider mtnin traits 
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to be of central or dominating importance in a rlsrM * per¬ 
sonality make-up-thal U to m\ H >«« Wd %»* * 

these traits in a description oi the child* iwrMnriily, •«# n >w 
consider that these traits conuibuu in an uuWandMiia way i*» the 
success or laiture oJ the child’s adjumnrnt- ibm. *hni m'.in* 
the child for these trails, />forr n i/«r ^ "dm** ’ 1 ^ «***; 

thus 6*, or 1*, etc. 

r. OnuJffd relinjf. i/ wwWr r*r rate » thibi. p’*.** ' 1 bi'Ji#i*nul 
line in the box opposite the child’s name (i.e., in ihr wmr lnw 
where the rating would ordinarily W put; ihu*« 

2. Giufioni tit ftalia# 

A warning may be offered concerning wnw p***v»11dr id 

error in rating: 

a. Rate each child with reference to either *f Ik* ut"tv chumr,- 
logical age. To illustrate, it would he ohvimwly unlair 1« Ml* the 
self-reliance of a 21-month child hy the Nunc standard at a dh‘< 
month child. 

b . Be sure to rate the child exclusively an ihc trail wdrr *•*<«• 
shleratioH. Do not let the child's general pcrwnalily. nr y«nr til¬ 
ings on other traits, color your rating on any individual Han. 
Avoid "Wo-ijjMl." 

c. State your honest opinion of it child on each sprrifh 4 trait. 

whether this opinion ia complimentary nr not. Two ultra, iiul«.r* 
who are about to record an uncomplimentary raring, »tnp t«i thmh 
,up possibilities of doubt against the adverse rating; and tlim lliry 

proceed to give the child n tltc benefit of the dciuht." 1'hii u n«t 
fair to the child n&oitl iu/jojh there it no doubt. VIrave ilu nnl liy 
to rationalize away a child’s deficiencies, any mure than yw lry‘ in 
rationalize away its superiorities. The point is nut in rniimuli/r 
away either superiorities or inferiorities. Remember that your rat¬ 
ings of the child ere not going to be used cither for or again*! him; 
they are going to be used for scientific investigation cwlwivdy. 
Do not hetitote to fut dawn uncomplimenlary ralingt, if thne rrprt- 
sent yoj ir opinion, 

i.d, Beware of the influence of the child previously rated upon 
your ratmg of the prewu child. H the preceding child was vny 
bjshjuj, for example) there is sometimes n tendency to rate ilir uni 
chvd us quite bold. He rimy indeed be hold in comparison with ilir 
child just rated, but not in comparison with the avemgc (nr his ngr. 
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The average for the child's age is, of course, the proper standard 
for comparison, 

c, Some judges seem to be afraid to mark a child "average," ap¬ 
parently feeling that to place a child at "average" indicates some 
lack of discernment on the part of the rater. This is not true. Other 
judges, on the contrary, seem to feel that it is somehow “safest" to 
place a child at 4 (the average). This, also, is false. If the judge 
docs not have the information necessary to rate a child on certain 
traits, then the only “safe" course is to refuse to rate the child on 
these particular traits, 

C. Tiie Selection of the Traits To Be Re-hated 

A wold should be said with regard to the basis of 
selection of the 31 traits which were re-rated. Had 
unlimited time and patience been available, perhaps 
all 231 traits of the Behavior Inventory would have 
been re-rated. Under the practical conditions, how¬ 
ever, such an undertaking was quite out of the ques¬ 
tion, The 31 traits finally selected were chosen partly 
because of their special interest to certain members of 
the Institute staff, and partly because of their repre¬ 
sentative character. In the Appendix, statistical data 
will be presented to show that, on the whole, the results 
for the 31 traits are, in many measurable respects, simi¬ 
lar to results obtained from the full 231 traits of the 
Inventory. The body of the present monograph will 
be restricted to data obtained from the ratings and re¬ 
ratings of the 31 traits only. 



II 

THE CONSISTENCY OF TRAIT-HATIXOS 
AND AGREEMENT BETWEEN JUDGES 

A. Ratings of Thirty Ci-ii limp,n ox Inm'iimvu, 
Traits 

In this section we shall present verbatim cat.li ,( l ibc 
31 selected traits, 1 Underneath each trait is li&icil cer¬ 
tain statistical information lor the trail;^adiiititin.il in¬ 
formation is given in Tables I and 2. 1 he meaning uf 
the notation employed in the present section is as fol¬ 
lows: 

r, u . is the correlation between judge AV rn'intf and running*. 
rj}L> and rca' nre defined similarly to r Ar . 

rjr is the mean of fAA’, rw, nnd rpp-.* (The Iriirr J in lltf 
script of Tjf stands for a single judgc-in-Eenrrjd, untpreifirri 
ns to identity.) 

rp- is the correlation between the owra^ of judge AV, HV, ami 
’G's first ratings and the average of their rc*riilinjt». 

ariti is the mean of two standard deviation*, viz., the SI) <tf AV 
first ratings nnd the SD of her re-miings. 

cfaii' and uao' arc defined similarly to oaa'- 

^Occasionally in this presentation the heading of a trail ha* firm 
slightly modified, in order to replace ccriain of the meaning Imi hy 
removing the trait from its context in the ]ul| Delia vior Inventory 

m 

2 For convenience of symbolism, the three numy-ttlitMil teacher* 
who performed the rating arc designated as A, U, and C, reside- 
tiyely. 

The mean of the three coefficients provides a simple and direct 
measure of agreement, Theoretically it would he Jcsirnhlr. Mme 
averaging, to convert each cocflicicnt to a value nit ;i linen (i.r., 
equal-unit) scale, Such a proccilmc would, in general, irild In 
increase somewhat the values of the mean coefficient (d. the dlv 
cussion in Section C of the present chapter). 

[ 12 ] 
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o-aa- is the mean of two standard deviations, viz., the SD of the 
average first rating by A, 13, and C and the SD of tile average 
re-rating by A, 13, and C. 

MDjul< is the mean difference (without regard to sign) between A's 
first ratings and her re-ratings. 

MDj) D ‘ and MD C o’ are defined similarly to MD AA ‘. 

MD b& - is the mean difference (without regard to sign) between 
the average of judge A’s, H’s, and C's first ratings and the aver¬ 
age of their re-ratings. 

In the remaining notation to be presented, only the 
teachers’ first ratings are involved (as indicated by 
the absence of primes in the subscripts). 

;‘aji is the correlation between judge A's and judge B's ratings, 
i\lc and r ao arc defined similarly to r AD , 
fj t j a is the mean of i‘aji, r A a, and rao- (Cf. footnote 3, p. 12.) 
r 9l B a is the (estimated) correlation between the average of judge A's 

B's, and C’s ratings and the average of three other judges' rat¬ 
ings similar to A’s, 13's, and C's. (The formula used tc> com¬ 
pute r fl n a is formula 154 of reference 5, In this formula, for 

our case, n-=*^=3; and we assume j. y ™r P o^ 1 /3(^prhr.u; 

4-feo). 

raw is the estimated correlation between the average of judge A's, 
B's, mil C's ratings anil an infinite number of other judges' 
ratings similar to A's, U’s, and C’s. (The value of /-n*, is 

m u 

1 i 

computed by the formula r a;n = - —cf. formula 

V r B3’ 

153a, reference 5), .The symbols ra n and r n .v have already 
been defined above. 

is ra a corrected for attenuation by the formula 

l a 

7 ‘0, a, r a, n „ 

— - or - 

y/rn a- 

(taj) is the mean of two SD's, viz., the SD of A’s ratings and the 
SD of ll’s ratings. 

(T.io and (rim are defined similarly to nun. 

MD.m is the mean difference (without regard to sign) between 
A’s and I3's ratings of a trait. 

MD ac and MDna arc defined similarly to I‘1D AII . 
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Each trait-description below is numbered as in ihe 
full California Behavior Inventory (2). The italic 
"]» "4" and W 7 M indicate the extreme, averse, and 
opposite extreme of a trait, respectively, it may be 
noticed that, for some traits, the “average" behavior has 
been described comparatively briefly. The w sc of lbc 
California Behavior Inventory in general presupposes 
that the rater is sufficiently familiar with the behavior 
of children at the nursery-school ages so that an elabo¬ 
rate or detailed description of “average" behavior is 
as a rule unnecessary. 

1. Amount of time spent in gro&s, overt activity— 

1 Engaged iii gross, overt activity n large portion »«( the lirrir; 

child is characteristically active and in inr»ti*»n. 

4 Engaged in gross, overt activity an average pnition ni the limr. 

7 Child is cli n me ter is ticftlly inactive or staumisiv; (claiitrly *rL 
dom engaged in gross, overt activity. 

E/j-'w.BO ra»—*,94 ra t "«.9l 

4.1 Inertia in getting started— 

1 Very slow to get started overtly; slow Hi net; dim- ih 
■ KU desires or ideas in overt activity. 

4 Average inertia in getting started. 

7 Very quick to get started; quick to act; quick lo exj*irv>, dru’ir. 
or ideas in overt activity. 

r/j'i=.85 raa-=.94 rj 3 j=zJQ r^z-J )I 
6, Vocalization— 

1 Child is exceptionally active vocally; shouts, talks It. ml. m'iik- 
songs, talks while playing or working, talks to other?, Me. Much 
energy spent in vocal activity, 

4 Average amount of vocal activity, 

7 Child is exceptionally quiet; speaks in ft low voice. latriv .. 
etc, Little energy spent in vocal nclivity. 

fjj'z=,72 r aa ^.95 ==.60 r**=,89 

7.1 Overt emotionality: case of stimulating in overt nmnimial re¬ 
sponse— 

7 Child is very easily moved to overt emotional response. Highly 
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responsive. Mild unexpected stimuli, casual rcproadl, little 
accidents, and in general relatively weakly stimulating situa¬ 
tions, readily produce definite overt emotion in the child. 

4 Child is moved to overt expression (if emotions with average 
difficulty or case. 

7 Child is very difficult to move to overt emotional response, be¬ 
ing either indifferent, or (so far as overt indications are con¬ 
cerned) dully unresponsive, Exceptionally strong stimuli, and 
exceptionally pleasant (or unpleasant) situations arc required to 
produce overt emotion in the child. 

Pjj'=.lO raa-=.81 iv,j 9 =.49 r a ^=.82 

8.1 Inhibition of emotions: general statement— 

1 Child customarily tries to control and restrain his emotions. 
Very highly inhibited, emotionally. 

4 Average control or restraint of emotions. Average overtness 
of expression of emotions. 

7 No restraint of emotions. Reaction to emotional stimuli is 
prompt, frank, free. Child rarely attempts to restrain, control, 
conceal, or inhibit his emotions. 

Fjj'=. r }Q raa-=.78 /V,j a —*42 ra M =.77 

9.2 General emotionality (implicit as well as overt): degree of 
emotional response— 

1 Child's emotional response is customarily very strong. Child is 
intensely affected emotionally (whether lie expresses his emo¬ 
tions openly and freely, or not), 

4 Child’s emotional responses are, in general, average in intensity. 

7 Child's emotional response is characteristically small. Rela¬ 
tively strongly stimulating situations produce only mild or weak 
emotions in the child. 

rjj‘—,73 ? - b 3‘=.84 o,j a ='62 ra*—.91 

11. Recovery after emotional disturbance— 

1 After the immediate emotional response the child behaves in its 
normal manner; no "after effects" of the emotion, such as un¬ 
usual silence, inactivity, seclusion, showing off, pouting, brood¬ 
ing, irritability, etc. Child is exceptionally resilient, recovers 
very quickly. 

4 Average resilience. 

7 Lack of resilience. Child tends to remain (inwardly) in a per¬ 
sistently disturbed state; the immediate emotion brings an after- 
math of disturbance in behavior (such as unusual silence, in¬ 
activity^ seclusion, showing off, pouting, brooding, resentment, 
irritability, etc.). Internal emotion evidently continues, after 
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the emotional situation and ihc immediale animal fr-atiim 

have passed. 

rjj'“>64 rg4=.83 


16. Predictability of emotions— 

1 Emotions arc very easily picketed; chshU ciwhwui if*pww 
(or absence of emotional rctiMM) to a KiiuaitHfi can ivr fuic 
casted with little or no error. 

4 Average. General nature of child's nrtjmiNt w I’tabord, 
more ar less; hut forecasts an he general only, m *W snn-4 
contain considcrnblc error. 

1 Emotions highly unpredictable; if regular, tiUUf ttnoimnalty; 
forecasts of emotional response* arc very difficult 1« mA?. 

rjj’~.5 8 rw—.74 -U 


21. Reaction to teasing— 

I Very sensitive, easily hurt, reacts strongly. 

4 Average. Is sensitive to urging., but Wnntwr ^ n**i rsprmlly 
disorganized unless many children join in the tefeing at one 
time, 

7 Indifferent, quickly becomes callously disregardfuI. 

?*■=.58 r M .=.79 ^=.20 

24.1 Emotional reaction to sympathy or approval of 

I Very sensitive; strong emotional response can racily nbMined 
by sympathy with child's efforts, or approval td aa'^myMunmk 
-.,.4 Average emotional responsiveness. Sympathy and a! a sc 
appreciated more when child is having difliadiy, lb art si Mbfi 
•- 7 ;--times, ■ • 

! 7 -Smotioftaliy insensitive or indifferent. Callou*, 

■ ■:;■■ ; Pjj'—lf) rar=.42 fyss, 19 r te ~.(ij 

35;3 Mode ol resistance to denial by another child: diicvl nUnitjtl 
to do or take what has been denied— 


1 Child typically proceeds to try directly to do or lahr whm lir 
has been denied. E,g,, if he has been denied a wanMt (*»r a 
hammer, etc,), he proceeds at once to try to take it; if he w.-im* 
(in a game) to play the father, lie proceeds to d« m, depute the 
previous objections of his playmate; etc. 

, 4 Average attempt to override opposition. Atvtmpk ni dims Ini- 
fill meat depend in part on the size of the other child, mid a hr 
- emphasis with which the other child has made the druid. r?y. 

. 7 Rarely nttempts to ignore or override denial directly. 

Fjj‘=i 0 r aa -=. 9 l .66 

44,6 Detachment from other children — 

I Child disregards other children, pays little tmenliiui m tilling 
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is often highly unaware of the presence of others. 

4 Average. Notices others especially when seeking a playmate; 
disregards others in the midst 0 / an earnest effort at painting, 
sawing^ etc.; at other times gives ordinary notice and ordinary 
attention to others. 

7 Child is keenly aware of the presence of others; detachment 
seems very difficult. 

r na <=.8I /v =.51 /'a»=.84 

46.32 Self-assertion: expression of his own desires or opinions in a 
group— 

1 Quick to make plain his desires or opinions in a group, As 
quick and emphatic in making plain his displeasure and disap¬ 
proval of what is being done or said, as to express approval and 
agreement. Markedly self-assertive, 

4 Average, Less assertive in a group than with an individual play¬ 
mate; but child indicates his desires and opinions to the group, 
when his feelings arc strong. 

7 Markedly inhibited or faltering in getting across his own desires 
and opinions, Typically submits, rather than making plain Ills 
own desires. Lacking in self-assertion. 

r/j‘=,16 7 ‘ bh -=.91 Pj,j==59 85 

47.31 Retaliation: circuitous ("compensatory”) retaliation: prompt— 

1 Child often promptly "takes out" on smother the offense done to 
himself; c.g,, if hit by another, the child turns around and 
pushes or hits a third (innocent) child; if a toy has been taken 
away from him, the child turns around and takes a toy from a 
third (innocent) child, or hits a third child, or is otherwise 
nasty to him; etc. 

4 Average. Child sometimes promptly "takes out” his grievance 
on an innocent third party', especially if deeply irritated, and if 
a smaller child is available to he "picked on." 

7 Child never promptly "takes out" his grievance on any innocent 
parties, even if he is deeply affected and n smaller child is 
available as a victim. 

fjj.rr.83 r aa -=.92 77 ,/=.70 r js6 =,92 
48.2 Initiative: need for outside suggestions ami directions— 

1 Child requires continuous outside suggestion and direction (from 
adults or other children) in order to choose an activity, or to se¬ 
lect a method of overcoming an obstacle, etc. Finds it excep¬ 
tionally difficult to get started and keep going "on his own 
hook,” Lacks initiative. 

4 Average initiative. Generally requires no suggestion or direc- 
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tian in order to get siarld; but il an unumal dilWiy i* mi* 
countered, the child is likely to br mate nr Irw M a !«*»\ mid 
require same outside suggestion «r direct inn m nrdrr in A" «»r*r- 
thing about the obstacle or difficult)'. 

7 Child promptly and of own Record dim*! ilw iciivil; in which 
he is to engage, selects the met ho J in be in 
an obstacle, etc, Requires no outside dimn-m 

in order to get started and keep going. Has ru«r* ■'»»«! Mrnm 
of initiative. 

Fjj‘=.75 rjj'—.HS r^:™,Si i 

51,1 Adjustability to new situations: emotional attmnlr i"*v,od nnv 
situations— 

1 Child welcomes changes and new situ a lions i* ventur^nr, 
exploring; enjoys novelty of a situation, 

4 Average. Welcomes variations or small change* ft mii lhr famil¬ 
iar, rather than genuinely new situations which hr may Hut he 
prepared to meet. 

7 Not nt all venturesome; shrinks from making nnv adjumiwii*; 
greatly prefers the habitual and familiar w ihe *Ur»* tA mu- 
gamention required by the new. Roulimuftl. 

0;-=.76 raa-=.9+ r JiJt -~.(A r^ss.87 


56, Number of friends among children— 
t Child has many friends; "socially expansive." 

4 Average number of friends, 

7 Child has few friends; “socially constricted." 

fjj=:.79 rfla'=.88 rs»,~.86 

65, Nervous habits — 

1 Shows numerous nervous habits (or marked addiction «•* mtr 
nervous habit); e.g,, fidgets, sueVs thumb, bile* nails ivilchr* 
face or shoulders, curls or twists hair, plays with nnnilli nt l.n r, 
etc. 


4 Average. Shows some nervous habits under ptfviMMlHMt, 

7 Free from nil signs of any nervous habits. 

fH'=.5l raa*=.6l f/,j==.2l r^ss.SO 
S ' 2 Exhibitionism: through other tjian typical “showing off'' 

1 Child (probably more or Jess deliberately) intrudes wit mum 
others attention, by such devices as: explicitly calling ailriuimi 
to himself ( watch mel"); by boiiicrousnet*; by rapid rnnuiii}! 
near others; by making a fuss over a slight injury; by i (thing 
a rumpus ( c .g,, through it quarrel); by m, Miming a high 1m.\, hi 
standing cn top of ji jungle gym; by excessive affmiumiirurv. 
to others) by loquaciousness; etc, 
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4 Average, Appreciates attention, but seldom makes a special 
effort to attract it to himself. 

7 Child is very unobtrusive and self-effacing; does not attract at¬ 
tention to himself. 

fjj<=.68 rj3'=,88 iv i ,; < =. 6G rs*=-9J 

87.1 Bnshfuliicss with adults— 

1 Self-conscious, shy, diffident, very easily embarrassed. 

4 Average. Initial reaction to adult is one of some embarrass¬ 
ment, which, however, wears off fairly soon. 

7 Rarely shows signs of embarrassment; not at all self-conscious; 
extremely self-composed; forward, "bold." 

r 3a -=.90 rj gj =.53 r0B,=.01 

88. Apprehcnsivcncss— 

7 Anxious, frightened, or worried at the prospect of a situation 
which is new and unknown, unpleasant, or dangerous. Ii.g., 
child cries or is frightened at prospect of a physical examina¬ 
tion, a vaccination, or a mental test; is scared at prospect of 
having to be away from familiar surroundings or from mother; 
is timid about making a new friend; etc. 

4 Average, Becomes a little anxious, for example, while waiting 
for a vaccination, but docs not usually worry much in advance. 
Occasionally slightly apprehensive at prospect of the unfamiliar, 

7 Child never worries or becomes frightened in advance; is en¬ 
tirely carefree and unapprehensive. 

84 r a s<=,96 rj,j ==-60 rg % =.84 
91. Feelings of inferiority — 

7 Child's average appearance and activity seem to indicate that he 
has rather deep-seated feelings of inferiority, 

4 Average. Child seems to feel neither inferior nor superior, 

7 Child's average appearance and activity seem to indicate that he 
has rather dccp-scatcd feelings of superiority. Conceited. 
Oj’=- 50 r a 3'=.83 =.36 / Bm =.69 

100,2 Nervous laughter — 

7 Child frequently makes use of a short, nervous laugh or giggle 
when nervous or embarrassed (especially in a social situation). 

4 Average. Child occasionally reacts with a short giggle or laugh 
when embarrassed or nervous. 

7 Child never makes use of a nervous laugh or giggle. 

-58 roa-=:.77 r/,/^.18 
101. Number of interests — 

7 Has many interests or favorite occupations. 

4 Average. Has as many interests as most of the others of his age. 
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7 Has only a lew interests; limited m a wngjr favuritt activity, 
or to inactivity. 

?j/*—.74 rw=.87 tijzs.SH 


106. Onlooking— , 

J Child is very often a spectator ol a group. or w! an«lnrr child. 

4 Average amount of spectator activity. 

7 Child is rarely a spectator of a group, or *if anoihri fluid; riihrr 
joins the child or group, or plays by wH. 

A«'=*87 raa-^,94 hj-M 

107. Inertia of continued interest or pecupadYui— 

1 Child tends to continue automatically, by inertia, in ibr rwcup.a* 
tion (or luck of occupation) in which he find* himwh. Lack* 
flexibility. 

4'■ Average inertia; average shifting of occupation. 

7 Child is extremely ready to alter his occupy mm nr inicrr*!, upwi 
suitable stimuli! tion. Entirely free from inertia. 

. *,.=.78 r w .=.90 fj j =.t>8 

112. Standards in work and play— 

1 Child evidently has exceptionally high standard^: I tie* 1<> aibirvc 
a high standard of perleclion in his work and play; tries l«< J*r 
thorough, and achieve a polish and finish. Likely in njicialirr 
speed lor quality. Mot nt all sloppy, earelcts rmiub and trad*, 
uncritical, etc. 

4 Average. Child’s tiandardt in work ami play sire m»t bight r 
;.(tior lower) than those of other* of Im age. Child vaailivc* 
thoroughness or polish when in a hurry, 

> 7 Child has exceptionally low standards in hi* work suul play; 
does not try to be thorough; neglect* poliih and finish in Im 
.. activities; accepts law quality performance; h sloppy, nr care 
less, or rough-and-ready, or uncritical, limy, rtc. 
f w .=.62 r B3 .-93 Pj>j ==.37 
117. Self-confidence— 

1 Child feels cocksure of himself; is exceptionally *dl-C«nfidnii 
even when ^exercising caution; over-confident, conceited- 
4 Average. Self-confident in what he finds CM), become* a little 
doubtlul under difficulty. 

7 Behavior is unsure, tentative, hesitant, faltering, inhibited. Child 
is markedly lacking in sell-confidence, 

fjj-=.76 r a3 .=.B7 *,,==.59 r^rs.86 
121, Ambition— 

f Child is ambitious in its undertaking, Is willing to try thing* 
that are hard to do; piles blacks exceptionnlly high. etc. 
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4 Average, Is fairly moderate in his undertakings and efforts. 

7 Child is exceptionally unambitious. Characteristically under¬ 
takes only what is easy; is satisfied with a low pile of blocks, 
a half-filled wagon, a very moderate speed in pulling his ex¬ 
press-wagon, etc. 

yjr = -92 rag-=.92 69 rago=.91 

124. Imagination— 

1 Child is imaginative; c.g., impersonates his toys, pi ays many 
"make-believe” games, has imaginary playmates, or can even 
make up his own fairy talcs arid fantasies, etc, 

4 Average, Plays "make-believe" games to some extent, but docs 
not impersonate his toys much; lias no imaginary playmates. 

7 Child is unimaginative, matter-of-fact, "hard-boiled"; rarely 
plays "make-believe"; distinctly lacking in imagination. 

fjr =>66 r H 3'=,77 op =,69 r BK —.992 

130. Use of facial expression: effectiveness— 

1 Child's facial expressions arc clenr, readily understood, excep¬ 
tionally effective in communicating feelings, wishes, invitations, 
etc. 

4 Average, Facial expressions arc clear and effective for major 
emotions, but less clear in communicating feelings, wishes, in¬ 
vitations, etc. 

7 Child's facial expression is clear only in ease of the gross, simple, 
major emotions. Facial expression (or lack of facial expres¬ 
sion) is exceptionally ineffective nr misleading in communicating 
shades of emotion, or wishes, invitations, etc. 

rw ,= -71 >'33'=.B3 rj t J .~.49 r;) M =:.8l 

In Tables 1 and 2, we amplify or supplement the 
statistical data already presented for each trait in the 
immediately preceding pages. The traits in Tables 
1 and 2 are numbered to correspond with the number¬ 
ing of the traits just defined. The notation employed 
in the tables has already been fully explained on pages 
12-13, 

Perhaps the most impressive fact to be observed in 
Tables 1 and 2, and in pages 14-21, is the wide differ¬ 
ence in results for different frails. While there is no 
guarantee that the same differences would be observed 
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in a larger sample of children, nevertheless H requires 
recognition that the striking differences observed be¬ 
tween traits cannot be due, even in pan. in ordinary 
errors of sampling—since our sample of children is 
identical for each trait. The results cniphaM/r the 
desirability, in the present ease, of thinking of relia¬ 
bility and validity in terms of specific train rather than 
in terms of the total Behavior Inventory. The same 
observation is perhaps equally applicable to such com¬ 
posite traits as "introversion,” "ascendance,” etc. ]\ is 
possible, moreover, that even the comparatively hoc 
unit represented by a single Behavior Inventory trait 
tequires further analysis; for discussion of this prob¬ 
lem, however, the data of the present report arc mu 
adequate. 


B. Ratings of Individual Ciiiijihi n us 
Thirty-one Traits 

It is desirable to consider individual differences 
atnong children in the same way that we have just 
considered individual differences among trails. Kach 
chdd was rated on 31 trails, and then re-rated. The 
correlation between the rating! and rc-raiing* for a 
: giyen cluld supplies a measure of the cnnsisicncv with 
winch that particular child was rated. 

' In Table 3, the consistency corrclalions of the nur- 
sery-school teachers’ ratings are presented for each in¬ 
dividual Md; this tshle is analogous to Tahir | 
which showed the consistency of nurscry-sehnol (each- 
^atingsior each individual The notation 
in Table 3 is to be read the same as that in 'l\in„ t - 



Consistency in Ratings of Each, of Thirty Children 
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thus r a a' siguilies the correlation between judge A's 
first ratings and her re-ratings; MD, i.e signifies the 
mean difference (without regard to sign) between A’s 
first ratings and her re-ratings; etc. (cf. pp. 12-13). 
Inspection of Table 3 shows that the differences in re¬ 
sults for different children arc fully as great as those 
for different traits. 

Turning now to a consideration of the agreement 
between various teachers (as contrasted with the con¬ 
sistency of a given teacher), we find that here, too, 
the agreement varies greatly among the children. In 
Table 4 we find, for example, that judge A's ratings 
of child No. II on 31 traits correlate with judge B's 
ratings of the same child on the same traits to the ex¬ 
tent of mi — .82; for child No. 10, however, the agree¬ 
ment is much lower, viz., nu — .57, Table 4, giving 
the statistical information for individual children, is 
analogous to Table 2, giving the corresponding in¬ 
formation lor individual trails. Inspection of 'Table 
4 shows that the differences in results for different 
children are fully as great as those for different trails. 

The wide individual differences among children 
observed in Tables 3 and 4 are in our opinion among 
the most significant findings of the present investiga¬ 
tion. We have seen many studies which emphasize 
the differing capacities of judges to rale and the differ¬ 
ing susceptibility of trails to rating. 'The equally im¬ 
portant fact that there are great individual differences 
in the accuracy with which different persons can he 
judged has not (outside of clinical circles) received 
the attention which it requires. If we may accept the 
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results in Tables 3 and 4, it appears that the reliability 
and ■validity of rating ace as much a function of the 
sample of subjects as of raters, traits, condiliuns of 
rating, etc. We need intensive investigation of the 
factors responsible for individual differences in “rata¬ 
bility.” 

G. The Age Factor 

A comparison of the mean figures at the bottom of 
Tables 1 and 2 with the mean figures at the bottom 
of Tables 3 and 4 is of special interest. It might be 
suspected that the coefficients of correlation in Tables 
l and 2 are affected by a spurious age factor (in spite 
of the direction to the teachers to rate each child in 
comparison with others of the same age—cf. page 7). 
If such a spurious factor were operating, its effect 
would be to inflate the r's of Tables I and 2. In 
Tables 3 and 4, however, the r’s are surely not so af¬ 
fected, since every r in these tables is based on ratings 
of a single child only; so far as each r in these tables 
is concerned, age has been “held constant. 1 ’ lienee, 
we should expect, in the event of a spurious age factor, 
that the r’s in Tables 3 and 4 would be somewhat lower 
than those in Tables 1 and 2. And this is actually the 
case; but the difference in general is not great; and 
there are other possible explanations for the difference, 
Besides the age factor. 

One.of the other possible explanations is baaed on the (net (hat 
high coefficients of correlation tend to be associated with liipji M.iml- 
ar deviations (5, p. 225]. Thus, it is conceivable that i)ic minus 
for one child may hover around 3, with a comparatively' low Mnml- 
ard deviation,' the ratings far another may hover around 4. iriib 
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a low standard deviation; etc. When, however, the ratings for all 
children on a single trait are involved, the standard deviation of 
the ratings may be comparatively high, Examination of the average 
d's at the bottom of Tables 1-4- suggests that this factor, while 
present, is influential to only a slight degree. 

Another possible explanation of the difference in mean r's of 
Tables I and 3 and of Tables 2 and 4 is that, while regression is 
linear in the correlations of Tables 1 and 2, regression departs from 
linearity in Tables 3 and 4. Inspection of the correlation charts 
from which the r's were computed fails, however, to substantiate 
this possibility. 

The other possible explanation of the difference in mean r’s of 
Tables 1 and 3 and of Tables 2 and 4 rests on the fact that a 
difference between r's of (say) .70 and .80 is not, in any important 
sense, equal to a difference between r's of (say) .10 and ,20, Sup¬ 
pose, for example, that the r's for individual children vary more 
than the r's for individual trails, Then the meau correlation for all 
the individual children may be spuriously low in comparison with 
the man correlation for all the individual traits. It is desirable, 
therefore, to convert r to a linear scale. When re-measurements 
arc involved, this is customarily done by substituting %/!---r (or 
r. 1 We have made this substitution for the r's in Tables 1 and 
3, avi til results as stated in footnotes to these tables. The figures 
fur the theoretically proper mean” values of r arc in general slightly 
higher than the uncorrcctcd mean values; but the differences between 
the corrected mean values in Tables 1 and 3 arc only slightly smaller 
than those between the uncorrcctcd. 

The same type of analysis was continued for the r's of Tables 
2 and 4, except that here we have used V1—r 2 0 rather than 
V1 —r to convert r to a linear scale, The use of \/\—A is 
customary when comparison is made not between re-measurements, 

■* This substitution is based oil the fact that the standard error of 
measurement equals (in Garrett's notation) irj \/1—Cf. ref¬ 
erence 3, p. 275. 

B Thc unweighted mean was used because n, the number of eases, 
is constant, and because the refinement of weighting each r in¬ 
versely as the square of ils probable error was considered probably 
superfluous, 

"The coefficient of alienation (5, p. 174). 
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but between measurements by different in.Uunwm {such as differ- 
ent intelligence tests, or different jud^, etc.), lhe ihmrcuciilly 
proper mean values again exceed the undirected Mrai*. thiylime 
quite definitely. Moreover, the differences between lhe ilicnrri really 
proper mean values lor Table) 2 and 4 arc definitely «nuiW ihan 
the differences between the linear reeled mean value* «»vn* tn > first 
tables, This suggests so far as the nftrectttem fin wetn iliffeic.nl 
judges' ratings of individual trails is concerned, lhe facuir h levs 
important than an uncritical comparison of Table* 2 and d migtu 
suggest. 

It must he remembered that, at the very must, the 
age factor can explain only lhe difference between the 
mean r’s at the bottom of Tables I and 3 and t>f Tables 
2 and 4. The age factor cannot, in general, account 
for any but a small fraction of the degree nf relation¬ 
ship shown for individual traits in Tables I ami 2 , 

Summary 

The present section is concerned with the consistency 
of nursery-school teachers’ ratings and the agreement 
between teachers. The unit of statistical treatment 
is the individual trait, and the individual child. Car- 
relation coefficients for the individual trails were ob¬ 
tained by correlating the ratings for the various chib 
dren on the particular trail in question. Correlation 
coefficients for the individual children were obtained 
by correlating the ratings on the various trails for lhe 
particular child in question. 

For individual traits, the consistency correlation be¬ 
tween a single judge's ratings and re-ratings, made 
from one to two months apart, is about .70. There 
are, however, wide differences in results for different 
traits. If the ratings of three teachers arc pooled, the 
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consistency correlation comes to about .85 on the aver- 
age, again with wide individual differences among the 
various trails, The detailed presentation of these 
facts is given in Table 1, 

The agreement, in terms of correlation, between 
one judge’s ratings of a trait and another’s averages 
somewhat over .55; the agreement between the pooled 
ratings of three teachers and an infinite number of 
other teachers is estimated, on the average, as over 
.80. Certain traits are rated with far more agreement 
than others (cf. Table 2), 

For individual children, the consistency correlation 
between ratings and re-ratings, made from one to two 
months apart by a single judge, averages about .65; 
this rises to .80 if ratings by three teachers arc pooled 
(cf. Table .1). The correlation between one judge's 
ratings of a child and another's averages over ,50; the 
agreement between the pooled ratings of three teachers 
and an infinite number of other teachers is estimated 
as over .80 (cf. 'Fable 4). 

The differences in results for different children arc 
fully as great as the differences in results for different 
trails. It is therefore evident that the reliability and 
validity of rating are as much a function of the sample 
of subjcch as of trails, raters, conditions of rating, etc. 
This is a point which does not, as yet, seem to have 
received adequate emphasis. 

A study of the possible influence of a spurious age 
factor in the correlations for the individual traits in¬ 
dicated that in the present instance the effect of this 
factor must', in general, he small. 
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The discussion in the present summary ami in the 
text has been mainly in terms of the coefficient of cor¬ 
relation. For those who prefer it, however, the aver¬ 
age difference between judges' ratings has also been 
included in all the tables of the text. 



Ill 

CONSISTENCY IN THE "STARRING'’ OF 
TRAIT-RATINGS 

Perhaps the most interesting feature of the present 
study is the “starring" of ratings for outstanding traits, 
It will be recalled that each nursery-school teacher 
was requested to affix an asterisk or star to her rating 
of every trail' which, lor the particular child being 
rated, she considered of "central or dominating im¬ 
portance" in that child’s personality. Is a nursery- 
school teacher able to make, with reasonable consis¬ 
tency, this rather fine judgment of the importance of 
an individual trait for an individual child? The 
answer to this question, for cadi teacher separately, 
is contained in Table 5. 

Table .5 is dear crunch in its general implication, For purposes 
of discussion, we shall restrict ourselves to tile data in Table 5 for 
jtulgc IV In this pauicvtht table it is evident that the actual be- 
qucncics in each cell of the four-fold table depart definitely from 
what would be expected by (fir ii|icraliun of pure chance. Never¬ 
theless, inspection merely of the marginal frequencies is sufficient 
to show that judge Jl's consistency is far from perfect, With per¬ 
fect consistency, the marginal frequencies for IPs re-ratings would 
be 127 and HIM, instead of (as they arc) 96 and U3+. Judge H 
starred 31 mure of her first ratings than of her re-ratings; it is 
evident that the standard for inclusion in the starred category was 
more lenient (or the first ratings than (m the second. Accepting 
this change of standard, we may now properly inquire, what is the 
highest cocflicimt of contingency which it is possible to find under 
the condition of this particular change of standard? The answer 
is given in Table YY which is an artificial or hypothetical table 
with lilt* same nuni/iiuil frequencies as in Table 5 for judge 11, hut 
with <r//»fmpiriuics adjusted to yield the highest possible contin¬ 
gency coefficient. The coefficient of mean square contingency for 

[-13] 
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TABLE 5 

Consistency of Starring of Trait*Ratings 

First Ratingsi Judge A 
I starred [ Unetarred *1 



Total 


10 ( 66 ) 


608 


Total 

~iir 

00 


Ooefp of mean aquare contingency*... 
Qoef* of tefcrachorlo correlation.«« * 


First Batingsi Judge B 
Starred | tTnetarrod 


Total 


65 (114 

u: 

766 (720) 

m 

IKliQI 

W 

MM 

96 


Total | 127 | 003 | 02 

Coef. of mean square contingency..,. .46 1 
Ooef. of tetrachoric correlation.*,. *79 


J. H, ITnataired 




Total 


First Ratingfli judge 0 
Starred f Onetarrod | Total 


9 



59 ( 21) 

laT . 


Ooef. of mean square contingency.«». .30* 

Qoef- of tetrachoric correlation.... .66 

chflnc * 8 ^ 6ten ^ CBes Indicate ihe cell-fnequency to be cx|icc|jrl liy 

IThe highest possible coefficient of cominflincy in » 2 x 2 iaMr 1. .?r«7. 
Due to asymmetry of the marginal dblrilnnlon., the Me t! for 

judge A I. ,49; for H, .65; for C, ,69. 
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TAIII/E 5A 

HighKST Pussim.i; Cm;ineirs-T of Contingency for Juikiu I) 
(cf. Tarlk 5) 


tirat Ratings 



Starred 

tfastarred 

Total 

Unatarred 

31 

003 

a 34 

Starred 

96 

0 

96 

Total 

137 

003 

930 


Coef« of mean*flquare contingency, for the 
hypothetical Table 5 A ..*. .66 


Table 5A is .55. Tlic liii'lirsi piisdlilc coefficient of ccmiin^ency, in n 
svmmciriciil four-fold laldr, is .707 (7, |>. 55). The difference, then, 
between .707 ami .65, is a measure of the effect of jmljjc IPs incon¬ 
sistency of srandnid (or starring. Hui tlic coefficient of contingency 
for )iul|;e II in Table 5 is not ,65, it is .45. The difference between 
.65 and .45 is a measure ol judur IPs inconsistency, apart from the 
inconsistency of her standard for inclusion of rations in (lie starred 
cutei'ory. 

In addition in the difference between tlic highest 
possible and the actual contingency coefficient, use has 
been made of the coefficient of tetrnehoric correlation 
(I), This cncflicient, for judge B, equals .79, 

The data for judges A and C have been given the 
same statistical treatment as outlined above for judge 
B, 'Flic results are recorded in Table 5. 

Table S does not, on the whole, encourage very much 
confidence in a single judge’s evaluation nf the impor¬ 
tance of a particular trait in die personality of a 
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particular child, 7 But is it stiJI possible Hint the 
TAI1LK 6 

Consistency of "Significance Scours” hir Ratisi* uv Indi¬ 
vidual Children on Individual Traits 

First H&tUgo 
No. of judges etarring fcbalr 
rat Inga of a trait for a child. 


w 

0 

1 

2 

3 

Total 

t!| 3 

1 * 
(2sf 

D 

16 

(<0 

15 

CO 

ji 

o S al * 
•-* u 

OHO _ 

5 

, (is) 

11 

M 

15 

WJ 

.9. 

CO 

"w. 

-s* 1 

50 

is 

(3 3-) 

31 

(/x) 

~5. 

i y) 

734. 

Ill 

11: JL 

531 

(*«) 

Hi* 

Em 

af 

(<0 

~3 .' 

(at; 

4“° 

Total 

581 

115 

n 


<130 


Couf. tit u&an equate contingency ■ . , &B 

2. (computed from the 4 x 4 table by the 
• usual product-moment formula).. ,60 

:*The figures In parentheses indicate the eell-freiUieoey (o be cvpceied by 

chance, 

Conceivably our unit—the individual trail-raring— i* (mi tine lit 
reveal the full extent of the teachers' consistency. A leather mil'll t, 
for example, star her rating for “physical activity" at one nine; ;iml 
at another time, star her rating for "number of interwK" Tlir 
result would constitute a statistical inconsistency, although actually 
the inconsistency might he comparatively supcrcilkkl. The .HwmWv 
between the coefficients of correlation in Table 7 and in Table H 
may perhaps be regarded as supporting this point of view. (Tables 
T 12 ' m the succc cding section, show similarly diwrejnnt 
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consensus of judgment by three teachers is sufficiently 
consistent to deserve more serious attention. Suppose, 
for example, that two of the three teachers starred 
their ratings of a certain trait for a certain child. So 
far as the importance of this trait for the particular 
child is concerned, the '‘significance score" may be 
considered as 2. Upon re-rating, will the significance 
score also equal 2? The general answer to this cor¬ 
relational question is given in the 4x4 table on page 
36 (Table 6). In Table 6, the number of times a 
given child's ratings on a given trait were starred at 
the first rating is given on the X-axis; the number of 
times a given child’s ratings on a given trait were 
starred at the re-rating is given on the Y-axis. The 
coefficient of mean square contingency, for Table 6, 
is .55; the highest possible contingency coefficient for 
a 4 x 4 table in which consistency is perfect would 
be .866* (7, p. 66). As a matter of interest, the coeffi¬ 
cient of correlation for Table 6, computed from the 
4 x 4 chart by the usual product-moment formula, is 
.60. 

Our unit of discussion, up to this point, has been 
the trail-child" ••-i.e., we have studied the consistency of 
judges' starring of ratings of individual traits for iiuU’ 
vidua I children. We plan, now, to broaden this unit. 
The question to he answered is: Mow many times 
were the ratings of (say) trait No. I starred for the 
entire group of children? What is the consistency of 

"Tlw liinliro pussililr cnnimcnuv curflidriH fur u 4 x 4 mlflc 
will) tfx;ti:llv (lie sunr marginal hptiunn'irs as ilio.se of Table 6 
is .70. 
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this number from first rating to rc-raling? Tabic 7 
presents the facts. For any individual teacher, the 
consistency is comparatively low—the highest r is .56. 
TABLE 7 

CoNSISTDNCY WITH RHOARD TO THE NUMlIRft OF TlMM TIIK 

Ratings ok Each Trait Wbmk Starr km 


Judge Variable 

Mean Median 

5 14. 

. No. of jlnrred first riling* 

7.5 

7.1 

4,(1 

A No, of Marred re-raiings 

2J 

24 

2 J 

No, ot lUtrtd ftril tiling* 
No. nf starred re-rating* 

4.1 

4.1 

21 

1.1 

3.0 

2 5 

n No. of starred firs! ruling* 

4.1 

21 

4.S 

No, of starred re-»atfngs 

4,7 

4.4 

J.5 

A, B, h C, No, of starred first rating* 

M 

4 7 

M 

combined* No. of starred re-railn^s 

3.6 

3,7 

2.1 

•Mean number of tUrred rating* for each trait by A, 

H. *tul 

c. 


For the combined judgment of the three teachers, how¬ 
ever, the coefficient of correlation is .71. The con¬ 
sistency correlations would, of course, be expected to 
be somewhat higher if the number of children being 
rated were Larger. 

Let us shift the unit of discussion, now, from trait 
to child. The ratings of some children arc starred fur 
more often than the ratings of others, For example, 
in the case of the re-ratings for a certain child, only 
one of the three teachers starred one of her trait-ratings 
for this child; whereas, for another child, no teacher 
starred fewer than 16 of her 31 re-ratings for the child. 
Are the nursery-school teachers consistent in the num¬ 
ber of times they star their trait-ratings for a child? 
The coefficients of correlation in Table 8 give the fact*. 
It will be noticed that the r's in Table H arc definitely 
higher than the r’s in Table 7. Part of this, pmluldy, 
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is due lo liic somewhat greater individual differences 
(higher S.D.'s) among children than among traits 
(d. Tables 1 ami 8). 

TAIILK H 

CONSISTRNCV WITH KHIABU TO THE NuMBliR OF TlMRS THE 

Tkait-Katinos ok Kacii Ciiii.d Were Starred 


JulIrc 


Variable 

Mean 

Median tt.n. 

r 


No. of 

In ialin>!» Marled 

7.7 

7.5 

5.6 

.76 


No. r/ 

rc'iaifniH marred 

2.9 

1.7 

4.1 

11 

No. nf 

hi raiingi marred 

■1.2 

2.3 

S.l 

M 

No. nf 

re-raiing* Marred 

3.2 

1.5 

4.8 


No. nf 

IM rairriR* (tarred 

4.5 

4.7 

3.2 

74 


No. of 

ic-iaiingi Marred 

4.9 

3.3 

4.5 

a, n, u c, 

No. of 

111 raiiiiK* Marred 

5.5 

4.5 

2.0 

.89 

combined* 

No. of 

rc-ralinni Hatred 

3.7 

2.5 

2.0 

•Mean number nf (rail* Haired for each rhilil l»y A, 

H, a 

nd C*. 

(The 


siaiiiiieal cmulnm* given in ihr l»*( lorn lints af (lie (al>lc ivere compulcd 
from grouped dam; ihr rtiBcn, from ungrmipcd ilaii.) 

A summary and evaluation of the data in 'Fables 
5-8 are not easy. Persons with different standards of 
statistical judgment will conic to different conclusions, 
To some, the coefficients for consistency of starring will 
appear rather low, or even very low. Others, on the 
contrary, may feel reassured from the fact that the 
degree of consistency found is certainly well above 
that due to chance (in one instance, as high as r .89); 
and also from the observation that conventional statis¬ 
tical treatment may not reveal the full extent of the 
consistency that really exists. For ourselves, we re¬ 
gard the obtained coefficients of consistency as indi¬ 
cating, at the very least, good research possibilities. 

The study of the starring of trait-ratings has been 
restricted to an investigation of .self-agreement, in¬ 
consistency. The problem of inter-judge agreement 
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in the starring of trait-ratings wilt be reserved until 
results for the full 231 traits of the Behavior Inventory 
become available, 

Summary 

The directions for the California Behavior Inven¬ 
tory require the nursery-school teacher w affix an 
asterisk, or star to the rating of any trail which, for 
the particular child being rated, she considers of 
special significance in that child's personality. The 
present section is devoted to a study uf (he cnnsittcncy 
of evaluating trait-importance, or in other words the 
consistency 'of “starring. 0 For this purpose, three 
nursery-school teachers' ratings and re-ratings of 30 
children on 31 traits are available. 

The consistency of a single teacher's starring of in* 
dividual trait-ratings is too low to encourage confi¬ 
dence., The pooled judgment of the three lea dim is 
more satisfactory, but still far below conventional 
standards for a complete menial lest. As measured 
by the coefficient of contingency from n 4 x + table, 
the consistency of the pooled judgment is .55. (T he 
highest possible coefficient of contingency in a sym¬ 
metrical 4x4 table is .866.) 

To evaluate the importance of an individual trait 
for an individual child requires a rather minute judg¬ 
ment; to evaluate the general importance of an imlivi- 
dual trait lot an entire group of 30 children should 
be easier. Each teacher's evaluation «( the literal 
importance of a trait was obtained simply by cttuminjc; 
the total number of times she starred her ratings nf the 
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trait. This number was correlated with the number 
of times she starred her re-ratings of the trait, The 
correlation, for the individual teacher, averages no 
higher than around ,511. For the pooled judgment of 
three teachers, the consistency correlation is slightly 
over .70, The consistency correlations would, of 
course, he somewhat higher if the number of children 
rated were greater than 30. 

A companion problem to the one just discussed is 
the consistency of the total number of trait-ratings 
starred for each individual child. The consistency 
correlations for this, interestingly enough, are much 
higher than for the individual traits -being around 
,79 for an individual teacher, ami .89 when the judg¬ 
ments of the three teachers are pooled. 



IV 

the consistency of confidence- 
RATINGS 

The mirscry-sehooJ leathers were asked to indicate 
on a three-point scale the degree n( confidence with 
which they rated cadi trait foe each child/ l'W con¬ 
venience in discussion, the confidence-ratings accom¬ 
panying the first trait-ratings will lie termed “initial 
confidence-ratings, n and the confuicncc-raiings accom¬ 
panying the re-ratings will be termed “confidence-re- 
ratings." The same questions present themselves 
concerning the confidence-ratings as have been an¬ 
swered in the previous section em the starring of 
trait-ratings; and a similar technique of investigation 
and presentation will here be employed. 

The upper portion o( Table 9 shows the agreement 
between judge A’s initial confidence-ratings and her 
confidence-re-ratings. The total number of confidence- 
ratings by A, for which confidence -rc-ratin^s were 
made, is 846, lQ Using the coefficient of mean square 
contingency as the measure of relationship, we find 
that judge A's consistency equals a coefficient nf .42. 
The highest possible coefficient of contingency in a 
s ymmetri cal 3 x 3 table is .816 (7, p, 66); the highest 

"One of the nursery-school teachers f judge Q made Ji^r m 1 - 
hcfcncwauftgs Jawmidy on the basis ol die trait hein;! r.ueil, >vitb- 
out tnking into account nho the child being rated. Since if wa* 
Jeered that the work o[ ruling should, su Ur m pn^ilde, W vulun- 
ta K self-motivated, no objection to this method was hurraed. 

, ^ lftenne 930, dl!c t0 occas WRal omiisiutift nf uinlidrih'r- 


[+2] 
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TA1II.K 9 

Consistency or Coshiihnck-R atinc.? 

C*n 11 • P» I Vs j i JuSao a 




ei (hi* 

sms tm) 

SR IK)| 

HI (lMD 

O 1 

1 { Ml 


Cc^flltrr.i i«^S« B 

I AVoriga I HJflti I Tot b 1 




C''*1 flc!pm s-f »»«!i r “fl*l | '(i' | '. r yi... .fill 


*TltC filiiuct in |*±t«riillirhr■ iinlii'iHc ll»c irll frciniPHi) in lie ci|ictlcil by 

dinner. 

ITIlP lli^lirnl |n«i»J 10 r i rirllit ir|il nf mllliIIJ-’r|H'V ill ((. 1*1 l:i|ilr i« .Klfi, 
Due In a*yiiiinniy uf ilie mai^inal iliilnUuiiniiii, lUr liiy;lir»i |m'isililc (' f«r 
jurliif A i» .fjJ; i <ii jmljje II. .H; bn l'« 
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possible coefficient lor a 3 x 3 table with llic marginal 
frequencies in Table 9 is .62 (cf. I able >, rinn). 

The data for the consistency of cnnfulcnce ratings 
by judge B and judge C are also presented in Tabic 
9, similarly to that for judge A. The coefficient of 
mean square contingency for judge U is .37; for judge 
C, ,09. Evidently, as in the case of the starring of 
trait-ratings, the consistency of the confidence-ratings 
tor individual trait-ratings of individual children is 
low. This is particularly true of the confidence-rat¬ 
ings by judge C, 

Omitting judge C's confidence-ratings, we have in¬ 
vestigated the consistency of judge A's anti lVs com¬ 
bined confidence-ratings. Suppose, for example, that 
both judge A and judge B rated a certain child on 
trait No. 1 with high confidence, and re-rated this 
child on this trait with the same degree of confidence. 
This agreement would be tallied in the "High-High 1 ' 
cjell of Table 10. If judge A rated a child nri a trail 
With average confidence, while judge B rated this 
child with high confidence, the combined um I hint ae¬ 
rating is “above average"; if the judges re-rated this 
child on the trait with the same degree of confidence 
as in the first rating, then this agreement would be 
tallied in the “Above Av.-Above-Av." cell of 'fable 
10. The coefficient of contingency for 'fable III is 
.49. The highest possible coefficient of contingency 
in a symmetrical 5x5 table is .894; the highest pns- 
sible coefficient in a table with the marginal frequen¬ 
cies of Table 10 is ,02. As a matter of interest, the 
product-moment correlation for Table 10, computed 
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TABLE 10 

Consistency of Average Confidence-Ratings of Judges A 

and 13 

Average Confidence-Eating 



Lot? 

Below 

Av. 

Av. 

Above 

Av. 

High 

Total 

$ 

■h Kleh. 

°* 

ii 

34 

51 

80 

182. 

.p nigu 

(sf 

(j?) 

(7/) 

(+7) 

(n) 


Jf Above 

14 

M 

188 

134 

42. 

447 

W Av. 

<D 

fi 

(/?) 

(7/) 

o n) 

(l/Q 

(<•!) 


s 

-JU & v 

15 

38 

IX 4 

51 

17 

245 

IXJ AT i 

l 

on 

(31) 

(is) 

(£</■) 

(31) 


g Below 

1 

14 

15 

0 

0 

36 

f Av,' 

W 

(0 

(/*) 

(1) 

(J-) 



4 

15 

1 

0 

0 

20 

~ ii*J n 
$ 

(i) 

id) 

[*) 

is) 

(3) 


Total 

40 

147 

362 

242 

I3<1 

^30 


Coef. of mean square contingency.... #49 

r (computed from the 5x 6 table by the 

usual product-moment formula),. *,,,,, ,44 


•The figures In pnrentlie3ea indicate the cel I-frequency to he expected by 
chance, 

from the 5 x 5 chart by the usual formula, is .44. 

Different traits and different children arc rated 
with varying degrees of confidence by the judges. For 
each trait the unweighted average confidence with 
which it was rated for all 30 children was correlated 
with the unweighted average confidence at the re-rat- 
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ing, 11 The results, shown in Tabic II, may well be 
considered disappointing, Similar correlations, hnw- 
TA.ULE 11 

Co^suteucv of Teachers' Average Con^cenc* R vntfn* nm 
Each op Thirty-onb Traits 


Judge 

Variable 

Mean* 

Median* 

sn* 


Con/-rating 

ttt 

TM 


A 

Conf.-re-raimg 

Z.S9 

2. it 

.42 


Conf,-rating 

2.12 

2-11 

,.2ti 

B 

Conf.-rc'rniing 

2,19 

2-21 

,2tl 

AkB, 

Conf.-raling 

2.20 

2.2J 

21 

combinedt 

Conf.-re-ratmg 

2.42 

2-42 

M 


Because of judge C's method of making wnfiderwt iaNhg* #rl. p. 42), 
her average confidence-! filings for different Hail* vtcle, in K*ftc-(sl« either 
I, 2, or 3, without any gradual ion. The Me0kf«ni of r«mina<nry for judge 
C’a consistency of confidence in the rating of esrh of the H noil* •» .19. 

'Counting low confidence pi I, average confidence a# 2, end hiRh rtmfi* 
dene? as 3 f footnote ll). 

fMean or A’a and B's averflfle (mnfidefKe-raiiwe* Inf rarh irail. fi‘f. 
text,) 


ever, between the average confidence with which each 
child was rated and re-rated on nil 31 trails by 
each judge 18 are comparatively favorable (nvcrajiinj; 
around ,B0—cf, Table 12). 

The results ol the present wciitm concern only (lie emuistrmy 
or self-agreement of confidence-ratings, giving no au«ili»n tm the 
question of inter-judge agreement. The problem «f intrr‘jinl>:r 
agreement In confidcncc-rntiugs, like that of inlcr-jmlgv ayirmuciu 
in the starring of trait-ratings, is reserved for study when rrmlis 
for the full 231 traits of the Behavior Inventory become avail.iblr. 


u 2n obtaining the average confidence-rating for crcIi trait, "high 
confidence" was counted as 3, "wnp" as 2, mj, “InW omtiilvircr" 
as 1. It is of course, possible to calibrate each tern ImA lunliilrme- 
ratings on the basis oi the normal curve. But the cur relation hr- 
tween average-confidence-ratings based on raw value*, ami avmyc 
confidence-ratings based on calibrated values, turn* .ml i-. hr vrr- 
high (over .990), thus rendering the use «l vaRhutcd valuta »m 

necessary. 


a nee judge Us confidence-ratings were, in general. tn;u|v will 1 

1 Bj ,0<,ivi<l “ l d, j u bc i”S «'«l In. wr Iwv 

excluded her confidence-ratings from the present treatment. 
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TABLE 12 

Consistency of Teachers’ Average Confidence-Ratings for 
Each of Thirty Children 


Judge 

Vnrinblc 

Mean* 

Median* 

S.D.* 

r 


C on f.-rilling 

2,19 

2,20 

.28 



Conf.-re-raling 

2,60 

2.65 

.IS 


B 

Conf,-ruling 

2. J 2 

2.16 

.23 

iB4 

Conf.-re-raling 

2.19 

2. IB 

,23 

A & B, 
combinedf 

Conf.-ruling 

Conf.-re-rating 

2,18 

2.21 

.24 

.20 

2.39 

2,41 

.IB 


•Counling low confidence as 1, average confidence ns 2, ami liigK confi¬ 
dence as 3 (p. 411), 

fMean of A'a and U's average eonfidcncc-rniinga for each irnit, (Gf, 
text.) 


Summary 

The consistency of confidence-ratings has been 
studied by methods similar to those already used in 
connection with the starring of trait-ratings, For the 
average confidence with which two judges rate and 
re-rate all the children on all the traits («=930), the 
coefficient of contingency is about .SO. The consistency 
of the average confidence with which two teachers rate 
a single trait for all children is expressed by a coeffi¬ 
cient of correlation of about ,45 (m= 3I traits) ; this 
is surprisingly low, in view of the contingency coeffi¬ 
cient cited above. If, however, the confidence-ratings 
for a given child on all the traits arc averaged, the 
consistency found is moderately high (r=,74 for judge 
A, ,84 for judge B ; n=30 children). It appears, then, 
that in general the judges are moderately consistent in 
the average confidence of their ratings for children; 
but the distribution of their confidence among the 
various individual traits is comparatively uncertain. 






V 

THE CONSISTENCY OF TRAIT-RATINGS, 
IN RELATION TO THE SIGNIFICANCE OF 
THE TRAIT RATED AND THE CON¬ 
FIDENCE OF RATING 

A , Consistency in Relation to the Sujxutcanck 
of the Trait Rated 

The California Behavior Inventory for Nursery 
School Children consists of descriptions of 231 cate¬ 
gories of behavior, termed "traits ” It is too much 
to hope that any one person would, (or any consider- 
able number of children, be able lo make perfectly 
valid ratings on each of this large number of traits. 
We should, however, hope that ratings on traits winch 
are of special significance in a chi Id's personality 
would be rated with more accuracy than traits »f less 
significance. In the present study, the significance of 
a particular trait for a particular child is indicated by 
the number of teachers who starred their first rating 
of: the tuit for that child. 13 The problem of the pres¬ 
ent section is to determine whether or not starred rat¬ 
ings are better judged than unslarccd, This will he 

le The critical render will question the vaJirJilj* of this method 
of classifying the significance of traits. Wc do uni oursclvc* suj*- 
pose that each individual teacher's judgment is free from error in 
this connection. Wc do, however, consider ihm the Marred rrilinj;* 
for a particular child apply (nn tht average) to traits uf greater 
significance to tlmt child than the unstirred. The basis «f this 
Delief js jjj part merely observational, and in part amitahuil. Illus¬ 
trative of the statistical data in support of this belief nre the fact* 
on the consistency of starring, nlready presented in Chapter IM. 

m 
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considered in terms of the consistency of the average 
ratings from the three teachers; the question of inter- 
judge agreement for the starred vs, unstarred ratings 
is reserved for treatment at a later time. 

It is necessary, first, to define certain terms. An 
average rating or re-rating for a child on a given trait 
will be considered to have a “significance score of 0, n 
if not any judge starred her first rating of this trait for 
the particular child in question. (It is immaterial to 
our classification whether or not any teacher starred 
her re-rating of the trait.) Similarly, an average rat¬ 
ing or re-rating will be considered to have a “signifi¬ 
cance score of l,” if at hast one of the judges starred 
her first rating of this trait for the child; a “signifi¬ 
cance score of 2,” if at least two of the judges starred 
their first rating of this trait for the child ; and a “sig¬ 
nificance score of 3," if at least three (in our case, all 
three) of the judges starred their first rating of this 
trait for the child." 

11 'I’llc classification of average ratings wholly on the basis of 
the judges’ first ratings is justified by the fact that in most preschool 
situations rc- rations arc very seldom made, YVc have wished our 
classillcation, so far as possible, to have reference to practical cir¬ 
cumstances ami to lit repeated readily by other investimators. 

It will be noticed that the categories of starred trait-ratines arc 
not mutually exclusive, 'finis, if both jud^c A and judfjc H starred 
their rating of trait No. 1 for child No, 10, then the average ratinp 
of tills trait for child No, 10 would he classified as having a signifi¬ 
cance score of 1, and also a significance score of 2, 'flic purpose 
of this system is to obtain at least moderately comparable results 
from the application of the same definitions in later studies, when 
the number of judges may he somewhat smaller (or greater) than 
three, If, fur example, only iiuo judges were available, and both 
of these had starred their rating of a trait for a child, this trait 
is probably more similar to those in our class of ratings starred by 
at Ivost two of three judges than to a class of ratings starred by two 
and only two judges. 
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We require, now, a statistical measure \\i rdaiiun 
which wilL permit ready quantitative comparison of 
results for the four classes of ratings just defined above. 
The first measure to Suggest itself, ol course, is the 
coefficient of correlation*, another, the cue tiki cut of 
mean square contingency; a third, the mean difference 
(without regard to sign) between average first rilling* 
and average re-ratings; and fourth, the mean differ¬ 
ence without regard to sign, iw relation to the mean 
difference (without regard to sign) which mitt hi he 
expected to occur purely by chance* All of these sta¬ 
tistical measures have been applied to our data, with 
detailed results as given in Appendix C. The present 
chapter, however, has been written in terms (if the 
fourth measure. This measure has seemed in us nut 
only the simplest and most direct, but also on theo¬ 
retical grounds the most justifiable fur present com¬ 
parative purposes (cf. Appendix C). 


The use of the mean difference without regard u. m'uh, in rela¬ 
tion to the mean difference which mi&ht be expected ui <nxuc purely 
by chance, involves the computation of two statistical cimMauis; (») 
UD aa—the mean difference without regard to sign Wet wren tin- 
average first rating by three judges and the average re-r.itirij>; and 
(l>) the chance mean difference without regard m sign, Imre *ym- 
bpljzed by QMD^y, The chance mean difference between average 
ratings and re-ratings may be computed by jubflituling for tin* actual 
cell-frequencies of the correlation chart, the "indeiwndemc values” 
or frequencies to be expected by chance (3, p. 198), and then pro¬ 
ceeding exactly the same ns in the computation u[ the .If/J DV , Tim 
MD sip 

fractl0a - represents the proportion which ilin uUuinril 

L,jyiu ir 


mean difference is of the chance mean difference, Tin* prnpmiion 
of agreement hem d what mipht he exfwied by ehamr is rrprn- 



TABLE 13 

Consistency of Total Average Ratings 
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scntcd by the quantity 1-- I » "Man I he pentulnpi 

CMDur 

of agreement beyond chance, one need merely multiply thi* quantity 

AiD w \ 

CAtt)»- / 

In Table 13, we give a complete representation of 
the relation between all the average first ratings of (lie 
three teachers and the average re-ratings. This table 
may serve more or less as our “standard of compari¬ 
son” In this table, the percentage of agreement be¬ 
yond chance is 62, 

The percentage of agreement beyond chance (or 
average ratings and re-ratings in the various signifi¬ 
cance-classes is given in Table 14, In this table a 

TABLE H 

Pbrchntaoe of Agabemhnt beyond Cm a ncb Hm Aykrahr 
Ratings in Various Significance-Classes 


Class 

All average ratings 


Significance 

score 

of 0 

587 

a 

« 

it 

" 1 

22 S 

61 

•i 

n 

" 2 

U 

?l 

a 

it 

" 3 

32 

3D 


steady rise in agreement is observed as one proceeds 
from 1 the lower to the higher significance-cl asses. 
Tables 15-18 give, in condensed form, the cun-elation 
charts from which the data of Table 14 were com¬ 
puted. 


9lo 


% agreement 
beyond chance 

a 


by 100] viz.j 100 
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TABLE 15 

Consistency op Avkimgb Ratings with a "Siqnipicancii Scour" 

op 0 

Average firal Roling 



■In Hitnc tallies die mnrKinul index of "1" sIhimIs for 1 nml 1 1/]; uf 
“1," for <> Ml nml 7\ M "2," (>*» * 2/1, 2, and 2 2/i; eic. 


















Re-rdT.ng g Av, Ke-ratm^ 
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TABLE 17 

Consistency of Average Ratings with a "Sigxiihcanck Scrum" 

op 2 

Average Tii'&l 



TABLE 18 


INSISTENCY OP AVERAGE RATINGS WITH 


A "SinNlVll'ASCT Ri'iiRh" 


Average Fird 




Total I g (o | | i j ,, S | 3 z 

•See f&olnote to Tibles 15 mid 16. 
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li Consistency* in Relation to the Confidence 

of Rating 

Here we consider, on much the same lines as in the 
previous section, the consistency of average trait-rat¬ 
ings in relation to the confidence of rating. The aver¬ 
age ratings and re-ratings are, as before, the average 
of the three nursery-school teachers’ judgments; the 
average confidence-rating is, however, based on the 
confidence-ratings of two judges only, viz., judges A 
and 13. 16 The basis for classification, both of average 
ratings and re-ratings, is the average degree of confi¬ 
dence recorded at the fir si rating, without regard to the 
degree of confidence expressed at the re-rating. Thus, 
an average rating or re-rating for a child on n given 
trait is considered to have been made with “high con¬ 
fidence” when both judge A's and judge I3’s first con¬ 
fidence-ratings were high; “above-average confidence," 
when one of the judge’s confidence-ratings was high and 
the other's average; etc. (cf, p, 9), 

Table 19 below presents the percentage of agreement 

TAHL1C 19 

PKRCENTAOK OP ActkSHM liNT 111; YOKE ClIANCD FOR AvRRAGIi 
Ratings in Various Confidkncu-Classks 


Class 

ii 

l’crccnlnKc 
nurccrncnt 
li cyan cl chance 

All average raiinj's 

93U 

62 

Low confidence 

•10 

53 

Ilclnw-avcraRc confidence 

H 7 

4B 

AveroKi: iniilidencc 

362 

53 

AliMVc-nvcrnRc ennliileiicc 

2-12 

5R 

IUtfli conliflcnee 

J39 

75 


1:1 See footnote 9, pane 42. 
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beyond chance for each of the five classes o( average 
ratings which have been distinguished <m the basis of 
A's and B's confidence-ratings. Tabic 19 shows that 
except for the small number of ratings in the class ol 
low confidence, a steady (though comparatively small) 
increase in consistency is noted as one proceeds from 
the classes of lower to those of higher confidence, The 
consistency of ratings in the high-confidence class is 
particularly superior, 

The correlation charts from which the data of Table 
19 were computed are presented in condensed form in 
Tables 20-24, 


TABUS 20 

Consistency of Average Ratings Made with lhcm Con VI- 
PBNCR at First Rating 


Avcroge First Rating 



•See footnote to Tillies 15 and 16, 
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TABLE 21 

Consistency of Average Ratings Made with Above-Average 
Confidence at First Rating 

Avcitkjo first Katiruj 



i* 

z 

3 

4 

5 

4 

7 

Total 

7* 











■ 

I 

r 

n 

■a 


8 

£■ 



1 

i l 

139 

1 


t 1 

'I- 


wm 

3 5 

EH 

■Q 

I 


88 

3 
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Consistency of Average Ratings Made with Average 
Confidence at First Rating 
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C . Consistency in Relation to Both the Sig¬ 
nificance of Tin- ‘In ait Rated and the 
Confidence of Rating 

The 930 average ratings and re-ratings provide suffi¬ 
cient maicrial for a two-way classification—first, on 
ihc basis of confidence ttf rating; and, second, on the 
basis of the estimated significance of the trait for the 
child being rated. Thus, there are 362 average rat¬ 
ings and re-ratings which belong in the average-con¬ 
fidence class; of these, 307 belong in the class having 
a significance score of 0, 46 in the class with signifi¬ 
cance score of I, and 9 in the class with significance 
score of 2. The consisiency for each confidencc-sig- 
nifienned class in which n is 30 or more is presented 
in Table 25. This table shows that, for ratings in the 


TAltU- 25 

Consistency of Avukauh TTiait-Ratinhs in Relation to Doth 

TJJH .SjfiNH'JCANO; f >jj TJiJi TRAIT KaTJ-D AND Tllli 

Con i f ii)usei! of Rating 


ITflU 

n 

I'crccridRe 
nyrecmcnl 
l*c)'oml clinnce 

All average rqiinns 

93D 

62 

SiKnllicance score 0: 

I.ow confidence 

36 

5S 

11 clow-no mu e rniifidence 

122 

4-1 

AvcriiRC ennfiilciicc 

3(17 

16 

Aliuve-avcm^c nuifiileiice 

1(19 

SO 

Siunilkanec score 1: 

At'crJtfc cn/ifiilr(irr 

■19 

62 

Aim vc-nr mite mnliiUnrc 

in 

6U 

lll^li rmiliilciicc 

39 

65 

tiiuntlicmitc score i: 

lliwli rriiiliilciiic 

59 

72 
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same confidence-class, the agreement of judges in 
creases significantly as the estimated significance of the 
trait for the child being rated increases. For ratings 
in the same significance-class, however, « simitar fisc 
with increase in confidence is not clear. Tabic 25 en¬ 
courages the belief that the greater consistency of high- 
confidence ratings in Tabic 19 is mediated through 
the relation between confidence of rating and signifi¬ 
cance score. 

Summary 

Average ratings and re-ratings by the three nursery- 
school teachers were classified into four groups on the 
basis of the significance of each particular trait in the 
personality of the particular child being rated. An 
average rating or re-rating was considered to have n 
“significance score" of 0, l, 2, or 3, according as none, 
at fen-jt one , <if least two, or nil three of the nursery- 
school teachers starred their first ratings of the par¬ 
ticular trait for the particular child. A steady im¬ 
provement is observed in the consistency between aver¬ 
age ratings and re-ratings as one proceeds from the 
unstarred to the multiply starred classes. Tile per¬ 
centage of agreement beyond chance for the average 
ratings in class 0 is 49; in class I, 61; in class 2, 71; 
and in class 3, 80. 

A similar method of investigation was pursued to 
study the relation between consistency of average rat¬ 
ings and the confidence of rating, Each average rat¬ 
ing and re-rating for a child on a given trait was classi¬ 
fied into one of five groups, on the basis of the degree 



STUDY OF THB CALIFORNIA BEHAVIOR INVENTORY 


61 


of confidence recorded by the teachers at their first 
rating of the trait for the child. It was found that 
ratings in the very highest confidence category were 
made with the most consistency (percentage of agree¬ 
ment beyond chance, 75); ratings in the other con¬ 
fidence categories, however, showed only slight differ¬ 
entiation with respect to consistency (average percent¬ 
age of agreement beyond chance, about 55). Fur¬ 
ther analysis indicates that the greater consistency of 
ratings made with higher confidence is probably medi¬ 
ated through the relation between confidence of rating 
and significance score. 

Investigators of the reliability and validity of per¬ 
sonality ratings should recognize that in general, when 
teachers arc asked to rate individual children on a long 
list of traits or attributes, the traits which arc of little 
apparent significance in a child’s personality will, at 
least for that child, have been blit casually noticed; 
such traits of presumably lesser significance will prob¬ 
ably be only poorly judged. Traits considered by a 
judge to be of greater importance are, in general, rated 
with definitely superior consistency. The analysis in 
the present chapter seems to have justified the require¬ 
ment that judges indicate (by a star after their rat¬ 
ings) those traits which they consider of special im¬ 
portance in the personality of the child being rated. 



VI 

SUMMARY AND CONCLUSIONS 

The Data, The data of the present study arc based 
primarily on three nursery-school teachers' ratings and 
re-ratings of 30 children on 31 traits from the Cali¬ 
fornia Behavior Inventory for Nursery School Chil¬ 
dren. Both ratings and re-ratings were made on a 
seven-point scale, in accordance with detailed direc¬ 
tions; the re-ratings were made from one to two months 
after the children had been rated on the total 231 
traits of the complete Behavior Inventory. Besides 
the trait-ratings, each teacher also indicated the degree 
of confidence with which she made every rating; and 
in addition indicated (by a star after her rating) 
whether she considered the particular trait being rated 
of special significance in the personality of the child 
being rated, The present study is concerned primarily 
with the consistency of ratings, or self-agreement of a 
judge from one occasion to the next; this is studied in 
relation to the trait being rated, the child being rated, 
the confidence of rating, and the estimated importance 
of the trait for the child being rated. The consistency 
of' the confidence-ratings is also considered, as well as 
the consistency of "starring." Inter-judge agreement 
in trait-ratings is also briefly treated. 

Consistency of Ratings of Twits. As measured by 
the coefficient of correlation, the consistency of a single 
judge’s ratings of a trait is, on the average, about .70; 
if the ratings of three teachers arc pooled, the consis¬ 
ts 
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tency correlation averages about ,85. Wide differ¬ 
ences arc found in results for the various traits. 

Consistency oj Ratings of Children. Consistency 
correlations, with the individual child as the statistical 
unit, inay be obtained by correlating the ratings and 
re-ratings on the various traits for the particular child 
in question, The consistency of a single judge’s rat¬ 
ings of a child averages about .65; this rises to .80 if 
ratings by three teachers are pooled. As in the case 
of the individual traits, the consistency correlations for 
the individual children vary widely. 

Inter-Judge Agreement in Ratings. The agree¬ 
ment, in terms of correlation, between one judge’s rat¬ 
ings of a trait and another’s averages somewhat over 
.55; the agreement between the pooled ratings of three 
teachers and an infinite number of other teachers is 
estimated, on the average, as over .80. The r’s aver¬ 
age slightly lower than this when the individual child, 
instead of the individual trait, is the statistical unit. 

Consistency of "Sinning" With respect to the 
starring of trait-ratings, the consistency of a single 
teacher’s starring of individual trait-ratings is too low 
to encourage confidence. The pooled judgment of the 
three teachers is, however, more satisfactory, being 
equal to a coefficient of contingency (from a 4- x 4 
table) of .55, (The highest possible 67 from a 4 x 4 
tabic is .866.) 

Each teacher's evaluation of the general (or group) 
importance of each trait was obtained simply by count¬ 
ing the total number of times she starred her rating 
of the trait. This number was correlated with the 
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number of times she starred her re-ratings of tlic trail. 
The correlation, for the individual teacher. averages 
no higher than around ,50; for the pooled judgment 
of three teachers, the consistency correlation h slightly 
over .70, A- companion problem is the consistency of 
the total number of trait-ratings starred for cadi in¬ 
dividual child . The consistency correlations for this 
are much higher than for the individual trails being 
around .79 for an individual teacher, and .89 when the 
judgments of three teachers arc pooled. Evidently 
the number of starred ratings per child remains inure 
or less constant from rating to re-rating; less certainty 
exists, however, qs to the particular traits whose ratings 
are to be starred, 

Consistency of Confidence-Ratings. The judges' 
confidence-ratings were studied in much the same way 
as the starring of trait-ratings. For the consistency id 
the average confidence with which two judges rate and 
re-rate all the children on all the traits (n-930), the 
coefficient of contingency is about ,50. The umsUtency 
of the average confidence with which two teachers rate 
a single trait for all children is expressed by a coeffi¬ 
cient of correlation of about .45; this is surprisingly 
low, in view of the contingency coefficient just cited 
above, If, however, the confidence-ratings (nr a given 
child on all the traits are averaged, the consistency 
found is moderately high (r=about .80). It appears, 
then, that in general the judges are moderately con¬ 
sistent in the average confidence of their ratings for 
children; but the distribution of their confidence 
among the various individual trait 9 is comparatively 
uncertain. 
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Consistency of Ratings in Relation to the Confidence 
of Rating and the Estimated Importance of the Trail 
for the Child Being Rated, The final, and. statistic¬ 
ally most difficult problem, was to study the consistency 
of the average ratings of the three judges, in relation 
to the average confidence of rating, and the starring 
of trait-ratings. With respect to the latter, each aver¬ 
age rating or rc-rating was assigned a “significance 
score" of 0, 1,2, or 3, according as none, at least one, 
at least two, or all I/tree of the nursery-school teachers 
starred their first ratings of the particular trait for the 
particular child. The consistency of the ratings in 
cadi of these classes was then studied separately. Be¬ 
tween average ratings and re-ratings in the signifi¬ 
cance-class of 0 the percentage of agreement beyond 
chance is 48; in class 1, the percentage of agreement 
beyond chance is 61; in class 2, 71; and in class 3, 80. 

A similar method of investigation was used to study 
the relation between consistency of average ratings and 
the confidence of rating. It was found that ratings 
in the very highest confidence category arc made with 
the most consistency (percentage of agreement beyond 
chance, 75) ; ratings in the other confidence categories, 
however, show only slight differentiation with respect 
to consistency (average percentage of agreement be¬ 
yond chance, about 55). Further analysis indicates 
that the greater consistency of ratings made with 
higher confidence is probably mediated through the 
relation between confidence of rating and significance 
score. 

Results from Other Measures of Relation. Various 
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other measures of relation, besides ihc “percentage of 
agreement beyond chance,” were employed in study¬ 
ing the relation between consistency of rating, confi¬ 
dence, and starring. The coefficient of cnrrclaUMii ami 
the coefficient of contmgtncy yield results qualitatively 
similar to the percentage of agreement beyond dunce; 
the mean difference without regard to sign, however, 
gives results which in general run counter to those 
from r, Cj and the percentage agreement beyond 
chance. This is undoubtedly due to the fact that the 
mean difference without regard to sign fails in ukc 
account of such agreement as might he due to chance. 

Spurious Factorj, Statistical examination of the 
possible influence of various spurious factors indicates 
that such influence is either slight or absent. The 
results obtained in the present study for the 31 traits 
from the California Behavior Inventory are shown to 
be representative of what may be expected, on the 
average, from the total 231 traits of the complete in¬ 
ventory. 

Interpretation. The facts given above arc suscep¬ 
tible to varying interpretations; we shall attempt in 
be very brief. The individual differences observed 
among the various traits and children seem funda¬ 
mental; the causes of these individual differences, un¬ 
fortunately, seem to be largely unknown. In spile 
of the fact that ratings (in one form or another) are 
used regularly in connection with matters of the high¬ 
est personal, professional, and political significance, 
psychology seems to have regarded dw problems of 
rating as of merely incidental importance. This niti- 



STUDY O? THE CALIFORNIA EMIAVrOR INVENTORY 


67 


Hide is the less understandable in view of such results 
as have been outlined above. Certainly the pooled 
ratings of competent judges possess sufficient consis¬ 
tency to permit active research in this field. 

The objection may be raised that the results of the 
present study were obtained in a sample of nursery- 
school children; such a sample perhaps offers certain 
advantages to the judge, from the point of view of 
case of observation and simplicity of behavior (2a), 
Even if this were the case, however, it could hardly 
justify the comparative neglect of problems of rating 
at the preschool level. 

The first requirement for more rapid progress in 
the held of ratings is a less prejudiced attitude among 
psychologists toward the topic of rating. The second 
requirement is the training of good judges. The third 
requirement is the pursuit of detailed investigations 
whereby the fund of reliable information concerning 
ratings will be improved, Such studies should include 
not only ratings of average behavior, but also ratings 
of the variability of behavior; they should include not 
merely three judges observing the subjects under the 
same environmental conditions, but many more judges 
observing under varying conditions; they should in¬ 
clude not merely studies of children as of a certain par¬ 
ticular date, but also follow-up studies which extend 
throughout a considerable portion of each subject's 
total life-span, These are, of course, large tasks; but 
if, as now seems apparent, ratings must remain a funda¬ 
mental source of information concerning personality, 
such undertakings cannot be avoided without risking a 
serious deficiency in our supply of research techniques. 



APPENDIX A 

DISTRIBUTIONS OF RATINGS 

Within the scope of this brief report, it is not possible t« prwent 
for each trait or child separately the frequency distribution nf cadi 
judge's ratings. Tables l- 1 ! cl Chapter II do, however, present 
information concerning the standard deviations of the trait-ratings 
for each individual child and trait, 10 In Table 26 we present (lie 
frequency distributions of each judge's ratings and re-ratings for 
all children and traits together. The other tables, given in the 
text, will supply the critical reader with much other basic material 
which it is not practical to repeat in this place. 

TABLE 26 

Distributions of Ratings or Thirty Subjects on Tihrty-uxu 

Traits 

Judge A Judge B Judge C 


Rating 

First 

ruling 

n 

Re-rming 

« 

First 

rating 

a 

Rt-raiing 

n 

Fim 

raring 

a 

Rc-raiing 

n 

7 

13 

5 

12 

1? 

36 

1C 

6 

95 

46 

64 

52 

79 

70 

5 

185 

195 

175 

192 

192 

242 

4 

2«6 

437 

37! 

395 

271 

111 

3 

214 

190 

223 

209 

217 

217 

2 

94 

47 

71 

S« 

100 

91 

i 

32 

6 

H 

16 

31 

17 

Total 

930 

!I30 

930 

930 

925 

930 

Msau 

4.01 

4.00 

3.93 

3.95 

3.94 

3.9» 

Medina 

3.97 

4.01 

3.92 

3.97 

3.92 

4.0t 

S.D. 

1.40 

.962 

U2 

1.07 

1.37 

1.23 


APPENDIX n 

THE REPRESENTATIVENESS OF THE THIRTY-ONE 
SELECTED TRAITS 

The Cal ifornia Behavior Inventory (or Nursery*School Children 

The means arc not included in Tables 1-4, pvinciptdlv because 
to ui general varied but little from the midpoint nf the seveu- 
pomt scale (namely, 4), 
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lists descriptions of 231 traits; tlic present study has been restricted 
to 31 of these. Are the results for these 31 traits similar, in general, 
to the results which may be expected from the other traits of the 
Inventory? 

A direct answer to this question would require that the nursery- 
school teachers not only rate each of our 30 children on all 231 
traits of the Inventory (which they have done), but also re-rate 
them, Such an extensive undertaking was not feasible, We have, 
however, compiled considerable evidence which shows that the 31 
traits do yield results which are, in general, reasonably representative. 
This evidence consists of comparisons of results obtained from the 
first rating of the 31 traits with results obtained from the first 
rating of all the traits of the Inventory, Tables 27-29 present the 
facts, In Tables 27-28 it can be seen that the 31 traits arc similar 


TABLE 27 

Distributions or Ratings of (a) 31 Selected Traits and (A) 
Total 231 Traits of tub Inventory 


Judge 

Sample 

Percentage frequency of llie following ratings! 

1 2 3 4 5 6 7 

A 

31 Units 

3,4 10.1 23.0 

29.6 20.0 

HW 

4.6 

A 

Total Inventory 

3.3 9,8 20,7 

31.7 20,7 

li.i 

2,7 

U 

31 traits 

1,5 7.6 24.0 

39,9 IB.8 

6.9 

1.3 

B 

Total Inventory 

1.0 6.1 22.9 


6.7 

1.7 

C 

31 traits 

3.3 10,8 23.4 

29.3 20,7 

B.5 

3.9 

C 

Total Inventory 

2.1 S.5 23.8 

35.4 21,1 

7.1 

2.1 



TABLE 28 




Distribution or Confidence-Ratings 

Accomi'anyino 

THE 


Trait-Ratings 

of (0) 31 Selected Traits and 

(i) 



Total 231 Traits of the Inventory 





Percentage frequency of the following rulings; 

Judge 

Sample 

I.ow 

Average 


High 

A 

31 traits 

18 2 

49.9 


31.9 

A 

Total Inventory 13,3 

4G.9 


34.B 

B 

31 traitB 

13.4 

67,3 


19.3 

B 

Total Inventory 16,2 

65.3 


IS,5 

c 

31. traits 

+1.7 

46.5 


11,8 

c 

Total Inventory 51.0 

45,9 


3.1 
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tD the total 231, with respect to the distribution of trait-ratings, 
and to the confidence with which trait-ratings were made, Statis¬ 
tical constants for each individual child, based on ratings of the 31 
traits, show a fairly high correlation with constants based on ratings 
of the total 231; moreover, the means of these constants, for the 
31 and the total 231 traits, are rather closely similar (Table 29). 
Tables 27-29 indicate rather clearly that the results obtained for 
the 31 traits may, with only slight error, he accepted as reasonably 
representative of what should be expected, on the average, from 
the full 231 traits of the Behavior Inventory. 

APPENDIX C 

THE CONSISTENCY OF TRAIT-RATINGS IN RELA¬ 
TION TO THE SIGNIFICANCE OF THE TRAIT 
RATED AND THE CONFIDENCE 
OF RATING 

A. Measures of Relation 

In Chapter V extensive use was made of a measure of rclntion 
termed the "percentage of agreement beyond chance." It remains 
to consider the relative suitability of other statistical measures and 
the results which arc obtained from their use. 

The coefficient of correlation (r aB .) gives results which arc, in 
general, qualitatively similar to those obtained from the use of the 
percentage agreement beyond chance. The rise in correlation from 
one class of ratings to another is, however, comparatively exagger¬ 
ated, due to the sensitiveness of r to extreme eases (cf. Tables 15-18, 
20-24, and 30-32). 

The coefficient of contingency (C aa .) also tends in general to give 
results qualitatively similar to the percentage agreement beyond 
chance. The contingency coefficient, however, shows a compara¬ 
tively dampened rise from one class of ratings to another (cf. Tables 
30-32). Interpretation of the results for C should bear in mind 
that C is best adapted for the study of relations between qualitative 
categories, rather than quantitative variables. As a consequence, 
C makes no direct distinction between a quantitatively small dis¬ 
agreement and a quantitatively large one; also, C makes n () direct 
distinction between agreement at the extremes of the distributions 
and agreement in the middle. The doubtful sensitivity of C to 
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these quantitative aspects tends to diminish its usefulness in the 
comparative study of the relations in Tables 15-18 and 20-24, 

The coefficient of contingency has frequently in the past been 
carelessly or uncritically used, We have never, ourselves, computed 
G for any contingency tabic unless n were greater than 100. All 
the coefficients of contingency reported in the present Appendix 
were computed from 7x7 tables (except the C of ,64 in Table 
32, computed from a 6 x 6 table). The particular grouping used 
in each contingency table was determined mainly by the requirement 
that the chance frequency in any cell should never be less than l 
(5, p. 265), Re-ratings were always grouped the same as the 
corresponding first ratings, 17 In comparing results by C with those 
from other measures, it should be remembered that the highest 
possible G in a symmetrical 7x7 table is .926 (7, p, 66). 

The man difference without regard lo sign (AJDaaO is the 
simplest measure which we have used. It gives results which, in 
general, run counter ta those given by r, G, and the percentage 
agreement beyond chnnee, This is undoubtedly due to the /act 
that the MD does not take account of such agreement ns might 
be due to chance. The MD tends to be small when the standard 
deviations of the ratings are small, and the agreement which might 
be due to chance is high (cl. Tables 30-32). 

The percentage agreement beyond chance (defined on p. 52) 
is the measure of relation which has eecrtwd to us, on the whole, 
the most acceptable. To be sure, this measure, like nil others, is 
open to objection, The chief criticism probably is the fact that, 
given a correlation chart with homoscedastic nrrays (and licncc equal 
standard errors of measurement 1 ' throughout the chart), the per¬ 
centage of agreement beyond chance will he larger for nrrays nt 
the extremes of the correlation chart than for any group d! arrays 
at the emter. (This is due to the fact that the chance mean differ¬ 
ence is greater for the arrays at the extremes.) Hut this criticism, 
in reality, is nothing but an argument in favor of the mean dilfer- 
ence withou t regard to sign (MD) —-since no conventional measure 

The application of these rules usually left little choice concern¬ 
ing the groups to be used in a contingency table, unless were quite 
large. Table 13 (in which ?I =930) was reduced to a 7 x 7 basis 
by iT tlc foUowin £ groups: 1-2,7, 3-3,3, 3,7, 4, 4.3, 4 . 7 . 5 , 

PHU J"/ t 
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of relation except the MD is altogether exempt from this criticism, 
The MD is hardly acceptable, however, unless one is willing to 
assume that all agreement is bo?ia fide and not due in nny part to 
chance. The more conventional and conservative statistical assump¬ 
tion is exactly the opposite, viz., to accept no agreement as bom fide 
unless surely 710 / due to chance, Possibly neither of these extreme 
assumptions is the best that could be mode; of the two, however, 
the conventional assumption appears to us definitely the safer. 


TABLE 30 

Consistency of Average Ratings in Various Significance- 

Classes* 




% 








agreement 







beyond 






Class 

n 

chance 

r, i, 

c,„ 

MD,„ 

tfi 

an 

All average ratings 

930 

62 

01 

.75 

.42 

1.12 

.94 

Significance score 0 

587 

48 

.68 

.65 

.37 

.65 

.65 

Significance score 1 

225 

61 

.85 

.72 

.48 

1,14 

.96 

Significance score 2 

86 

71 

.92 

..t 

.59 

1,89 

1.58 

Significance score 3 

32 

80 

.97 

..t 

.51 

2.50 

2.13 


•For definition of the various classes of ratings and of the symbols of the 
table, cf. Chapters II and V. The symbols a, ond tr,. refer to the standard 
deviation of average first ratings ami overage re-ratings, respectively; these 
have been Included in the table to facilitate interpretation of the measures 
of relation. 

tNot computed because of the small value of tr- 


TABLE 31 

Consistency of Averace Ratings in Various Confidence- 

Classes* 


% 

agreement 


Class 

n 

beyond 

chance 

r 


MD,,. 

ffi 

Of 

All nvernge Tutings 

930 

62 

.81 

.75 

.42 

1,12 

.94 

Low confidence 

40 

58 

.80 


.14 

.74 

.66 

Ilclow-av. eon fide nee 

147 

43 

.71 

.70 

.44 

.83 

.70 

Average confidence 

362 

51 

.75 

.69 

.36 

.71 

.66 

Above-iiv, confidence 

242 

5S 

.80 

.70 

.47 

1.02 

.91 

Iligli confidence 

139 

75 

,94 

.8(1 

.51 

l.RH 

1.61 

•The footnotes to Table 

30 apply also to 

the present table. 
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TAJJLE 32 

Consistency of Average Trait-Ratings in Relation to Hoth 
the Significance of the Trait Rated and tub 

C's, Vinnruntt np T?ATIN0* 


% 

agreement 


Class 

n 

beyond 

chance 

F|i> 

Cm 

M0.i. 

Cl 


All average ratings 

930 

6Z 

.81 

,7S 

.42 

nr 

'.94 

Low confidence: _ 

Significance score 0 

BeloW-averuge confidence: 

3fi 

5S 

.77 

.6+ 


.71 

.61 

Significance score 0 

122 

44 

.65 

.43 

.74 

,67 

Average confidence’. 

Significance score 0 

307 

46 

■67 

.66 

.35 

.57 

,56 

Significance score i 

46 

62 

-S3 

" 

.44 

I.Oi 

,87 

Above-average confidence 

Significance BCQre 0 

109 

50 

.69 

.70 

M 

,66 

.77 

Significance score 1 

113 

50 

•K4 

,71 

.48 

Ml 

.95 

High confidence! 

Significance score \ 

39 

65 

■n 

, , 

.SO 

1,19 

1.15 

Significanc score 2 

59 

72 

.94 


.58 

1.99 

1.66 


•The footnotes to Tabic 3d apply also to the present table. 


S, Spurious Factors 

We have not yet considered the possibility time spurious factors 
may be responsible for the apparent increase in the consistency of 
rating with increase in estimated importance of the trait, 

1. Does a differential memory factor operate to produce the 
differences observed between the classes of ratings in Tabic 14? 
This seems most unlikely when one recalls that the nursery-school 
teachers did not begin to re-rate until one to two months after 
completing the first ratings. Inasmuch as the first ratings numbered 
around 7000 per teacher (30 children rated on 231 traits), the 
memory factor in re-rating would, at least on a priori grounds, stem 
to be rather uniformly negligible, 

2. Docs a differential age factor operate to produce the differ¬ 
ences observed between the classes of ratings in Table 14? Sup¬ 
pose^ for example, that the trait-ratings of older children were starred 
much more often than those of younger. Starred trait-ratings tend 
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to be rather extreme—generally 2 or 6, practically never 4. Be¬ 
cause of this association between stoning and trait-rating, it is 
possible that the higher consistency of the starred trait-ratings reflects 
only a consistency in starring; and the consistency of starring itself 
may be spurious, if strongly related to the age of the children being 
rated. Actually, however, the basic assumption of this whole argu¬ 
ment falls down, since the correlation between chronological age 
and the number of trait-ratings starred for each child is roughly 
zero (or slightly negative). 

3. Finally, one may be tempted to inquire whether the measures 
of consistency of rating increase as they do with increase of esti¬ 
mated trait-importance, because of statistical manipulation. We 
believe the answer to this is negative. It should be stressed, in this 
connection, that all the average ratings and re-ratings were classi¬ 
fied wholly on the basis of starring at the first rating. Had the 
assignment of a significance score of 3, for example, required that 
nil three teachers have starred both their first ratings ml their 
re-ratings of a trait, then it might be argued that the agreement 
between average trait-ratings with a significance score of 3 is only 
a function of the enforced agreement in starring at the first and 
second rating. Hut our classification imposed no restriction at nil 
on the starring of the re-ratings. 

A similar investigation of possible spurious influences on the re¬ 
sults in Table 19 (relating to confidence of judgment) fails to dis¬ 
cover any significant factor. The conclusion appears to stand, then, 
that the consistency of average trait-ratings increases with increase 
in the confidence of judgment, ami especially with increase in the 
estimated importance of the trait for the child being rated. 
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UNE ETUDE STATISTIQUE DES EVALUATIONS SUR L’fiCHELLE 
DE CGMPORTEMENT DE CALIFORNIE POUR LES 
ELfeVES DES ECOLES MATERNELLES 

(Rdsuml) 

Lcs donnics de ccttc ^Ludc acme bodes prlncipaicinent sur lea ^vnliiallona 
el mwiIIw dt W inflate 4 l'igitd de 11 teaks, iuc I'EcUuUt 

de Comporteilient dc Cnlifornic pour les Elcvcs ties Ecolcs Mnternelles par 
trois mnUresses dcs Scales mntcrncllcs. On a fait ct lea dvnluniiona el les 
nouvellcs {valuations sur line Schelle de Bept points, felon dcs directions 
d6taillica; on q fait lea nouvellcs {vnlualions apris un intcrvnllc d’un A 
trois mois. Outre les {valuations des traits, clinque moitreaac a indiqud 
le degre dc confiance qu'elle a sent! en foisant chaquc ivnlunlion; ct 
ah sai (an moyen d'un astirisque apris son {valuation) si ellc conaidcrait 
que le trait specifique cn train d'etre {value avail line signilinnce spfcinle 
pour la peraonnalite dc I'enfiint en question. Dans eelte etude il I'ogit 
principalement dc la Constance dcs {Ynluatlons, ou dc l'accord d'un jugc 
nvec iiii-meme dc Pune occasion h I'outrc; on cludie ccln sous lc rapport 
du trait en train d'etre £valu£, dc l'enfnnt cvalue, dc In confiance dc 
1’evaluation, et de ('importance estiindc du trait pour l'enfnnt c value. La 
constaiict dcs {valuations dc confiance cst aussi consid£r£c, ninsi que la 
Constance dcs nitirisqucs. On discutc briivement l'accord des juges I'un 
nvec 1'autre dans Evaluation dcs traits. 

Cominc mcslircc par lc coefficient dc correlation, la constnnce dcs {valua¬ 
tions moyennes pour un trait par trois mnUresses cst d'environ 0,85. La 
Constance des {valuations moyennes pour un enfant pour lcs 31 trails cst 
d'environ 0,90. II existc dc granties differences tic constnnce et pour lcs 
divers traits ct pour lcs divers enfants. 

L'accord, en tonnes dc la corrdlation, entre lcs {valuations d'un jugc cl 
relies d'un autre, eat cn moycnnc lin pen plus dc 0,55. On oluk'iu unc 
wmitaiion un ntu vnolm dtevfce qutvnA V enfant. inAwiAuti, an lien An trail 
indivicluol, cst 1'unitS slatistiquc. 

Comine mesurde par le pourccntage dc l'accord non cxpliquc par lc 
linsard, In constnnce ties {valuations A 1'anterisque cst dclinimcnt plus 
{levee que cclle des {valuations sans nsldrisipie. Dc inSmc manicrc, lea 
{valuations fnites avee line grande confiance stmt aussi plus ronstniiieg, 

On a Etudie les fncteun faux mnis ils ont excrci unc polite influence on 
liien ont cie absents, 

On a])pilie sur lc fait que lcs {valuations dcs jugefl cumpeicntH prises 
ensemble posident assess dc constnnce pour permettre unc reclicrcbc active. 
A cause dc I'wsaRe etendu ties evaluations per so nil cl lcs dans la vie qunii- 
dlcnnc, line {tude mfrlmdologiquc plus {lendue semblc claircmcni desirable. 


Con i ad 
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PTNF STATlSTICHE UNTERSUCHUNG AN TESTBEFUNDEN, AM 
DEM cJuTOFmsCHEN EIGENSCMAFTSTIISTINVKNTORIUM K IR 
VM-SCHULPFLICHTIOE KINDER [CALIFORNIA BEHAVIOR IN¬ 
VENTORY FOR NURSERY SCHOOL CHILDREN] ERMII IhLF 




Dieflcfunde der gegemviirligcn Unlersudiung griitlcJcii lidi JmililsSchlicIi 
auf Rankierungen unci Nnch-rnnhierunetn [ratings End rc-ruiingM wtUUc 
von drci Lehrerinnen ana Klcinkindcrschulen [nursery aclioolfij am 30 
Kinder In Bezug auf 31 1,1 dem CnliforniscUen liigemchnllsinvcniaMiim 
vM-jdwiIpiUc.V.lige. Kinder emgcUlgcncti Karakiercigeiuchaflcn 
ermittelt lvorden. Sowohl die Rnnkicningen wic auch die Nnch-rnnkierun- 
gen wurden, nusfilhiHchen Anweisungcn befolgend, nuf Basis cincr siclicn 
Abslufungcn enthaltenden Masaleiicr [seven-point scale] bcrcchncl. Die 
Nachrankicrungen wurden ein Ida 7.wci Monnlcn naclt den Rankierungen 
geinacht, Die Lehierinncn notierten nicht nur die Rankierungen in Ucv.uk 
auf die Karaktertcreigenschaften [troit-rntings] sondern auch den Cirad dcB 
Selbstvertrauens mit der jede Rankieximg von ilincn gemncht wurde. 
Ebenfalls gab die Lehrcrin an, ob Hirer Meinung nach die augcnblicklich 
in Betracht Icommende Eigenschnft in der Personlichkcil dcs in Frage 
kommenden Kindes cine besonders wichtige Rolle Bpiele. Wenn )a, so 
wurde der Rnnkierung ein Stern hinzugefiigt. Die gcRcnwflriige Unier- 
auebung bczleht sich blunders uuf die UeslKndigkcit [consistency] der 
Rankierungen—d,h., auf die (Jbereinsliinmimc der Riclucrln mil sich sellier, 
bei zwei gleichen Gelegeiiheiten, Dieac tlbereinsiimmung wurde umer- 
sucht in Bezug auf die zu rnnkicrcndc Knrnkiercigenscliali, tins zu 


rankierende Kind, das Selbstverirnuen tier Lehrerin hei der Ralikicruitg, 
und die Schiitzung der Wichligkcit der LctrcfTcndcn Eigcnselio/l bei tlciu 
betreffenden Kind, Ea vmden u.n. ouch die lUstHndigkrh der RnnkiminRcn 


In Bezug auf Sfllbatvertrnuen [conaislcncy of the confidence ratings] und 
die Bestilndigkeit der "Hesterming" ["starring 19 ] berOcksiclitigt. Her Grad 
der Ubereinsiimmung tier verschiedeuien Richter In Ilc/ug auf die 


Rankierungen der Karaktereigensciiaftcn wird kurz besproeben, 
i Nach dem KorrelationsVoeffizient gemessen, betrSgt die Bcsiiindiykeli 
der durchschnittllchen Rankierungen elncr Eigcnschaft tlurch die drei 
Lehrerinnen ungefiihr ,65, Die JJestiilldigkeit der diirchschniKliehcll 
Rankierungen an einem Kind fur alle 31 EigcnachaCun UcUhnt ungefiihr 
.SO. Es zeigen sich vveite Unteraeliiede in der BesiHndigkeil, sawohl 
ziviscben einzelnen Eigenschaftcn wie nucb zwischen clnzdnen Klndcrn. 

Die Obereinstimnuing, als Korrelntiormnhl ausgedrttckt, zwischcu den 
Rankierungen zweier Richter betriigt etwas mchr ala .15. Untcr slalistischer 
BerOckeichtigung dea einzelncn Kindea atolt der einzelnen liigensclinft 
erhalt man eine etwas niedrigere Korrelotinn, 

Es wurde die Bestiindigkeit tier besternten Rankierungen [starred rulings] 
an dem Prozentsatz gemessen, init dem der eigentlicli erzieUc CJrad der 
Dbercinstimmung dsn durch die Einwirkung der Zu/nlls zu erwortcndeli 
uberragte, So gemessen envies sich die Bestiindigkeit bei bcslcrnicn 
Rankierungen bestimmt iiiiher, als bei nichhbestcrnteJl. Almlielicrweise 
haben auch die mit starkem Selbslvcrtrnueii gcmacltlcn RnrlkicrunKcn cine 
liOhere Bestitndlgkcit als die cntgEgengescUten. 

Es wurde nnch evcntiiellcn spurioacn Einwirkuiigcii geforsclit, Diene 
eiwiesen sich nber enlweder als obwesend odcr ala von goriiiRer lledcmung. 

Es wird betonl,, doss die vercinigtcn Rankierungen Uuglicher Richter 
genugend bcstilndig sind, um Icbhafle Untcrsuciuing zu crinfigllclicn. 
Lntoigc der wevt YtiwendtiTiR der RnnYierung der Eigcn- 

senarten [personality rnhngs] im allthglichcn Lebcn crsclicint die weitere 
Tnethonoiogiscne Erforschung der Rankierungen bestimmt wiisclienswcrt. 


Conrad 
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I 

INTRODUCTION 

Photographic studies of eye-movements have demon¬ 
strated that the progressive stages in learning to read, 
from the initial attempts of the beginner to the skilful 
performance of the mature reader, are accompanied 
by reductions in the number and duration of fixations, 
by fewer regressive movements, and by an increasingly 
smooth and regular sequence of saccadic shifts along 
the lines of print (3). The sequence of eye-movements 
is further characterized, for the typical type of read¬ 
ing of the mature reader, by one long fixation near the 
beginning of the line, followed by two or three short 
ones, and a longer one towards the end of the line (7). 
This process, however, like most functions which psy¬ 
chologists have studied, is not lacking in variability, 
The pattern of eye-movements is conditioned by 
several factors in addition to level of maturity (37, 
p. 49-96). Eye-movement patterns in reading the ver¬ 
nacular differ considerably according to the purpose 
for which the material is read. Variations in die 
sequence, number, and duration of pauses have been 
found to be dependent on whether the material is read 
(d) for oral reproduction (26, 14, 2); (b) to type¬ 
write (6); (c) to proof read (12, 7, 37); (d) to study 
(14, IB); and (e) to learn to spell (1). Similar varia¬ 
tions accompany changes in content. The cye-move- 
ments have been noted to differ in response to changes 
in (a) difficulty (12, 18); ( b ) subject-matter (18, 

[ 95 ] 
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37); ( c ) arrangement of words (19,37); (d) familiar¬ 
ity with the language (19, 5, 18, 20, 17) ; and (c) type 
of reading symbols including numerals (4, 7, 19, 21, 
29, 33), formulae (31, 21), and music (19). These 
investigations have revealed such extreme variability 
that it seems doubtful whether the concept of "regu¬ 
lar or normal procedure” has any utility except as a 
point of reference for descriptive purposes; certainly 
the plural is more appropriate. This means, of course, 
that a complete account of the nature of reading, even 
for practical purposes, involves a description of read¬ 
ing of the various types of material in all the situa¬ 
tions where such reading might be required. 



II 

PROCEDURE 

In this study the aim is twofold: (1) to describe in 
terms of photographic records of eye-movements how 
objective examination questions, differing in form and 
difficulty, are read as they are answered; (2) to make a 
quantitative analysis of the different types from the 
point of view of economy of time and possible specific 
validity. Six types of questions, representing those in 
most general use (24, p. 189), were chosen for study: 
(1) wrong-word or cross-out, (2) analogy, (3) mul¬ 
tiple-choice, (4) true-false, (5) one-word-completion, 
and (6) disarranged sentences. The reading of a para¬ 
graph of scientific prose was registered in the same 
manner to serve as a standard of comparison. 

Records of the eye-movements of the subjects (66 
college sophomores) as they read and answered samples 
of each of these types were obtained by use of a modi¬ 
fication of the Dodge apparatus for photographing 
eye-movements. No attempt to describe the apparatus 
is made here since this has already been done very ade¬ 
quately by Dr. Tinker (35, and in greater detail in 31). 

From the photographic records thus obtained it is 
possible to derive six measures of the eye-movements 
involved in reading: (1) length and duration of eye- 
movements; (2) number of pauses per line; (3) num¬ 
ber of regressions or backward movements per line; 
(4) duration of pauses; (5) perception time per Line; 
and (6) relative position and sequence of the scries of 

[07] 
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fixations, Perception time per line is the sum of the 
pause durations, since, as Dodge has shown (9, 10), 
there is no clear vision during inter-fixation move¬ 
ments, but to get total reading-time accurately the dura- 
dons of the eye-movements should he added. In this 
study, however, since extent und duration of eye-move¬ 
ments constitute only a small fraction of total reading- 
time, about 5 percent (32), and because they are very 
difficult to record, requiring timing to at least l/100 
of a second (34), they have betm omitted, 

Variadles to Control 

In order to isolate the differences resulting from 
only the reading and answering of different types of 
questions, it was necessary to control die factors con¬ 
sidered below: 

1, Content of Material. The ideal condition from 
one paint of view would have been to use identical 
content in all the types of questions, but this was pre¬ 
cluded by the necessity for satisfying two other con¬ 
ditions: (n) If the same content had been used in each 
set of the different types with a single group of sub¬ 
jects, the effect of practice on succeeding sets would 
have constituted an uncontrolled variable, (6) To 
have used identical questions for the different types, 
but with different subjects for each type, would have 
required a much larger number of subjects and more 
film than the funds available would have permitted; 
and even then the possibility of selective factors ope (‘ac¬ 
ting to complicate the results would have existed. The 
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most adequate compromise appeared to be the use of 
questions from-similar content, but different enough 
to obviate any possible practice effect on successive 
items. Consequently the corresponding questions in 
each type were chosen or composed from somewhat 
similar general information content. These included 
items, sometimes modified, from Army Alpha, Otis 
Self-Administering Tests of Mental Ability, Miller’s 
Analogies Test (not published), and items formulated 
by the writer. 

2. Relative Difficulty. A second requirement was 
the control of possible variation in difficulty of items 
of the various types. As a means of securing stable 
measures of relative difficulty, from the point of view 
of correctness in answering them, 21 questions of each 
type (105 in all) 1 were given as a “general information 
test” to 320 sophomores in psychology at the Univers¬ 
ity of Minnesota. The percentage missing each item 
was recorded. On the basis of this index of relative 
difficulty, five questions of each type were selected so 
that corresponding items in each set would be matched 
approximately and the questions in each set would in¬ 
crease progressively in difficulty. Table 1 shows the 
degrees of difficulty, stated in terms of percentage miss¬ 
ing each item, for the five types of questions. 

It is apparent from inspection of this table that a 
close approximation to equal difficulty for the corre¬ 
sponding items of each type has been achieved, and 
the averages for each set of five are practically equal. 


‘The disarranged sentence items were not included in this stavulimluaiiun 
procedure. 
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(The row of E-average$ will be commented upon 
later.) These values, except for completions, have 
been corrected for chance because the differential pos¬ 
sibilities for chance successes in the various types would 
have made the raw percentages misleading. 

TABLE 1 

Index of Difficulty: Percdntagb (Corrected for Chance) 
Missing Each Item 


Item 

Wrong- 

word 

Analogies 

Multiple- 

choice 

True- 

false 

Completion 

1 

2.9 

2.5 

2.1 

1.9 

1.6 

2 

27.5 

25.3 

28.4 

24.4 

26,6 

3 

37.8 

38.8 

40.4 

38.fi 

39.1 

4 

68,7 

60.4 

53,3 

58.2 

61,3 

5 

75.1 

82.9 

88.4 

87.4 

79,1 

Average 

42.4 

42.0 

42.5 

12.1 

41,5 

H-averagc 

45.5 

45.2 

10.7 

43.1 

46.6 


n 

The formula used was-, where n equals the 

n —l 

number of possible guesses in an item, In true-false 
questions this is, of course, 2; in the analogy and mul¬ 
tiple-choice items it was 4; in the wrong-word ques¬ 
tions n may be different for each question, depending 
upon the number of significant words in the statement; 
for the completions no correction was applied since 
there is presumably no limitation to the range of guesses 
n 

and consequently-would approach unity. 

n —1 

3, Printing Arrangement, A third factor to con¬ 
trol, which was easier to deal with but none the less im¬ 
portant, was the printing set-up. The items were .so 
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selected or constructed that the variation in length of 
line would be negligible. The average length was 113 
mm. (26.8 picas) with an A.D, for all the items of 
3.1> mm. (.84 picas). Ten-point type with 2-point lead¬ 
ing was used throughout, and all the material was 
printed on Suede Finish Book India paper. A para¬ 
graph of scientific prose, which was used as a standard 
of comparison, was also set in exactly the same way, the 
length of lines being 110 mm. (26 picas). A group of 
five disarranged sentences in shorter lines, 80 mm. (19 
picas), was also included. In each set of five ques¬ 
tions the items were arranged in the order of difficulty, 
from easy to hard, corresponding to the percentages 
listed in Table 1, They were also printed in the re¬ 
verse order, hard to easy, with other details remaining 
exactly the same. Samples of single items from these 
sets, as well as of the prose, are presented in Figures 
1 to 7, pages 110 to 123. 

Three numbers in a vertical column were placed at 
the end of the first line in each set and at the beginning 
of the last, which the subject was instructed to read, 
for the purpose of marking points of reference to aid 
in plotting the records. Similarly, a cross placed to 
the right of each item, which was fixated after answer¬ 
ing the question, served to distinguish the separate items 
on the film. 

4. Order of Presentation. In order to equate for 
any possible advantage to any one type of question from 
order of presentation, the order was altered systemati¬ 
cally so that each set appeared an equal number of 
times in each position. Also within each set, since 
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the questions were printed in two forms, one easy to 
hard (1, 2, 3, 4, 5) and the other hard to easy (5, 4, 3, 
2,1), it was possible, by presenting each form an equal 
number of times, to control this factor for each ques¬ 
tion within each set, This, of course, was unnecessary 
for comparisons according to type but was required 
only for comparisons according to difficulty. 

5. Selection of Subjects, As has already been men¬ 
tioned, the questions were standardized for difficulty 
on a group of 320 sophomores. To insure the mainte¬ 
nance of the same relative difficulties of the items in 
the experimental situation it was desirable to have a 
different group whose performance with the questions 
would be similar to that of the preliminary standard¬ 
ization group. Therefore, students from similar but 
not the same classes were chosen for subjects in the 
experiment proper, Readable records were obtained 
from 66 sophomores, 33 women and 33 men. Only stu¬ 
dents who were able to read without spectacles were 
included. That a very good selection was made is 
apparent from a comparison of the average percentages 
of difficulty of the items for the standardization and 
experimental groups, which arc given in Table 1. The 
line labeled “E-average” is for the experimental group 
and is to be compared with the line immediately above 
which shows the corresponding averages for the stan¬ 
dardization group, As was to be expected, the dis¬ 
crepancies are greater for individual items within a set, 
but even these showed only 4 reversals of rank for a 
total of 2$ items, 

6. Directions to the Subjects. Every possible pre- 
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caution was taken to insure adequate comprehension 
of the tasks by the subjects before the records were 
taken, Preliminary to reading before the camera, the 
subject was asked to read and answer six objective 
questions on a paragraph taken from the same source 
as the scientific prose used in the experiment, To ac¬ 
quaint the subject with the types of questions he would 
be expected to answer while the eye-movements were 
being photographed these questions were formulated so 
as to represent each type. The paragraph was read 
silently and the answers to the questions were reported 
orally to the experimenter. Usually the questions were 
readily comprehended, but if there was any difficulty 
the item was carefully explained. Then S was shown 
a sample set of five questions on a card, exactly as it 
would appear before the camera, and instructed on- 
how to read it. First, the three numbers at the end 
of the first line were to be fixated and read slowly; 
next, question one was to be read and the answer re¬ 
ported orally; and then, instead of going immediately 
to the next question, the cross at the end of the question 
was to be fixated until S was told, “Go to the next." 
Finally, after proceeding through the live questions in 
this manner, the numbers at the lower left were to he 
fixated and read slowly. Following this preliminary 
instruction the subject was seated before the camera, 
the head-rests were adjusted to hold the head firmly, 
and the spot of light reflected from the cornea was 
focused sharply upon the film. At this point an addi¬ 
tional practice set of questions was read and answered 
by the subject while the experimenter observed the 
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behavior through a peep-hole at the back of the film 
box. A practice paragraph of scientific prose wag read 
in the same way. When directions were not followed, 
attention was called to the errors and the sample was 
repeated. If, however, it was apparent that the sub¬ 
ject understood and was following directions, the read¬ 
ing of the scientific prose was photographed. Then 
always followed the different sets of questions in a sys¬ 
tematic order. Just before the reading and answering of 
each set was photographed, a sample of the correspond¬ 
ing type was exposed in the reading-frame before the 
subject. This precaution was taken to insure the appro¬ 
priate “set" for the different types. 

The specific directions were as follows; for the prose, 
"Read the paragraph one time for the content, You 
will be expected to answer questions on it after you 
have finished,” and for the questions, “Answer each 
question as quickly as possible but also accurately. If 
you don’t know the answer and are sure you can't figure 
it out, you may guess, just as you would in a regular 
examination of this kind." 

Consideration of the controls here outlined show that 
(1) variation in content of material, (2) differences in 
difficulty from type to type, (3) dissimilarities in the 
printing set-ups, (4) possible advantages from order of 
presentation, (S) faulty selection of subjects, and (6) 
lack of uniformity in directions have been eliminated, 
or at least have had their influence reduced to a mini¬ 
mum, as possible variables. Under these conditions 
it appears justifiable to attribute any differences ob¬ 
served in the pattern of eye-movements for the various 
types of questions to the form in which they arc stated. 



Ill 

Results 2 

The data obtained by the procedures described above 
may be presented conveniently under two headings: 
(1) a quantitative analysis and comparison of the re¬ 
sponses to the different types of questions, including a 
comparison according to levels of difficulty; and (2) 
a qualitative description of the eye-movement patterns 
characteristic of each type. 

A, Quantitative Analysis 

1. Comparisons According to Type. Comparisons 
are presented for the reading and answering of each 
type of question, except disarranged sentences,® in terms 
of number of fixations, pause duration, perception time 
(sum of the pause durations), and frequency of regres¬ 
sive movements, The averages and standard deviations 
for each of these variables are listed in Table 2. In¬ 
spection of this table reveals that the averages for all 
measures arc greater for the questions than for prose, 
with marked differences among the various types of 
questions. Before considering the statistical signifi¬ 
cance of these differences, it may be well to point out 
some additional facts in the table. 

The types are ranked in order of increasing time re¬ 
quired to read and answer them as the means in col- 

a For a complete prenentalinn of raw chin nml a mini’ romprchcn»ivc 
exposition sue llie*is on lilc in (lie Graduate School, University of Minncsoln. 

“yufTiricni (Iitin for (ninniilalive comparison arc lacking on ihi.i type. 

[05] 
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TABLE 2 

Means and S.D.’s of Reading-Measures on Brush and 
Questions 


Types 


Prose 

True- 

falst 

Completion 

Multiple- 

choice 

Analogies 

Wrong- 

word 


Number of Pause Perception Number of 

fixations durniiont limef rcwrcRHionn 

M S.D. M S.D. M S.l). M S.H. 


10.44 

2.15 

12.17 

1.27 

127.38 

31-32 

2.11 

1.03 

12.05 

2.75 

13.53 

2.36 

162.61 

50.40 

2.84 

1.46 

11.12 

Z.S7 

16.18 

4.19 

176.67 

70.8* 

2,75 

1.51 

14.23 

S.S3 

14.06 

2.09 

198.4B 

60.80 

4.20 

1.91 

16.53 

U0 

14.33 

1.97 

2-13.08 

84.14 

5.43 

2.93 

1B.50 

4.70 

14-9+ 

1-90 

277.60 

69.50 

6.30 

3.0S 


*In nil comparisons N equals 66, csccjil for wrong-word, in which case 
IV — 50, 

tTime is given in fiftieths of seconds. 


iimn 6 labeled Perception time 4 will show. They are 
also ranked in order of increasing number of fixations, 
except that completions should be ahead of true-false 
questions. This discrepancy in rank for the two con¬ 
stants results from the fact that the pauses in comple¬ 
tions are relatively long. Column 4 shows that the 
pause duration far completions is greater than for any 
other type. This average pause length should not be 
interpreted to imply that all the pauses were longer, 
for the mean is weighted by some extremely long pauses 
on the blanks at the ends of the questions. This fact, 
which is indicated by the relatively large standard 
deviation, will be brought out more emphatically when 
the plotted records are considered, The column for 
regressions exhibits the same order as for fixations. 


p ; P r: P,JM . l ' me is lcsa 4 nn tola! rcndiiiK-tfitic since lime for 

H ™"' * s " Dt included. Total r c acting-*in, c ,uay be nm rS« ", 

& l,mt ■* tc.n.pul.,1 irj conamiUVrcjwrlcd 
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The deviations from the regular prose-like progression 
along the lines of print as shown by the regressions are 
least in the case of true-false and completion items, the 
irregularity in sequence of fixations being quite marked 
for multiple-choice, analogy, and wrong-word ques¬ 
tions. Pause durations, except for completions, exhibit 
the most constant averages and least variability. 

Perhaps the coefficients of variation (— ) in Table 3 

x in ' 

are more interpretive indices of the relative variability 
of the measures, 


TABLE 3 

Coefficients of Variation for Reading-Measures on Prose 
and Questions 


Types 

Fixations 

Pause 

duration 

Perception 

time 

Regressions 

Prose 

.21 

.10 

,25 

.49 

True- 

false 

.23 

.17 

.31 

.51 

Completion 

,26 

.26 

,40 

.55 

Multiple- 

choice 

.27 

.15 

.31 

.45 

Analogies 

.34 

.13 

.35 

.5+ 

Wrong- 

word 

.25 

.13 

.25 

.49 


As the table shows, the relative variability for fixa¬ 
tions is quite similar for the various types, with the ex¬ 
ception of wider variability for analogies. The gen¬ 
eral spread of measures is least for pause duration, a 
fact which emphasizes the relatively large variability 
in the case of completions. Since perception time is 
the product of number of fixations and pause dura¬ 
tions," the greater relative variability might be expected 


The means of each of llicse variables were computed from llic raw 
data and as a result of slight errors in grouping the products do not 
correspond exactly to the menns reported. 






98 


ARDEN FRAND3BN 


to show up in this constant also, and inspection of the 
table affirms this. Regressions exhibit the widest varia¬ 
tion. The significance of these large coefficients will 
be apparent when the plotted records arc considered. 
To anticipate', they show a range of variation in eye- 
movements from regular prose-like progression to a 
series of erratic backward and forward oscillations. 

It is pertinent now to inquire about the magnitude 
and the statistical significance of the differences be¬ 
tween the various means in Table 2. Data on these 
points for each reading-measure are given in Tables 
4 to 7, inclusive. 

TABLE 4 

Fixations! Differences between Means and -’s* 

Figures above the diagonal represent the differences between means; 
thoes helovv, the corresponding indices of statistical significance. 


R 

Prose 


Com. 

M.-C. 

Anal, 

w.-w. 

(l) Prose 
(3) True- 


1.62 

.68 

3.79 

6.14 

8.82 

false 

3.76 


.99 

2,26 

4.S9 

6.78 

(2) Completion 
(4) Multiple- 

MS 

2.69 


3.11 

5.41 

7.46 

choice 

7,54 

5.39 

B.19 


2,32 

3.92 

(5) Analogy 

(6) Wrong- 

8,16 

6,76 

8.27 

4.29 


1.40 

word 

20,00 

11.09 

11,93 

6.97 

1.68 



•The formula for correlated measures was used in calcuUlilift tlic 
lb this and succeeding tables, 


In Table 4 the figures above the diagonal represent 
the differences between means; those below, the cor¬ 
responding indices of statistical significance. Tor ex¬ 
ample, the difference between the means for true-false 
and prose is 1.62 fixations per line, and that this dif¬ 
ference is statistically significant is indicated by the 
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ratio 3.7B below the diagonal. The direction of the 
differences may be conveniently determined by refer¬ 
ence to the first column of numbers under R } which 
gives the rank order (smaller number indicates fewer 
fixations) of each type. Inspection of this table shows 
that all of the differences, except those between com¬ 
pletion and prose, completion and true-false, and 
wrong-word and analogies, meet the usually accepted 
criterion 0 for statistical certainty. 

Table 5, giving similar data for pause duration, and 
succeeding tables of differences are to be read and in¬ 
terpreted in the same manner as Table 4. 

There are fewer significant differences in pause dura¬ 
tion than for fixations. Table 5 shows that between 
prose and the questions all the differences are signifi¬ 
cant, in favor of shorter pauses for prose; but for the 
questions alone six out of ten fail to meet the criterion 
of statistical significance. This verifies a previous 
statement concerning the relative constancy of pause 
duration, 

From the point of view of time economy in using 
objective examination questions, Table 6 is most im¬ 
portant, The types, as the table shows, are ranked in 
order of increasing time required to read and answer 
them. The greatest difference is between true-false 
and wrong-word items. The difference between wrong- 
word and analogies is small and probably not signi- 


! If - ~ J the chnncea are 39.9 out uf 100 that the true ililTcrence is 

... . 

greater llinn zero (II, 15, Gnrrcii, Statistics in Psychology ainl liilucation, 
p. 134). 
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ficant. Similarly, the differences between true-false 
and completions and between completions and mul¬ 
tiple-choice items are of doubtful statistical signifi¬ 
cance. All other differences, however, arc highly 
significant. 

TABLE 5 

Pause Duration : Differences between Means and -'s 

Figures above the diagonal represent the differences between means; 
those below, the corresponding indices of statistical significance. 



R 

Prose 

T.-F. 

Coni, 

M.-C. 

Atinl. 

w.-w. 

U) 

Prose 


1.38 

4.01 

~89 

2,68 

2.78 

(2) 

True- 





1.29 

1.75 

false 

5.OS 


2,SB 

.19 

(«) 

Completion 

B.30 

5.52 


2.12 

Ml 

1.50 

(5) 

MullipU- 


1.85 



.79 

.BO 


chalce 

B.OX 

4.8B 


(4) 

Analogy 

11.75 

4,15 

2.54 

2.88 


.06 

(5) 

Wrong- 




2.75 

.21 



word 

10,90 

5.03 

2.96 



TABLE 6 

Perception Time*. Differences between Means and -'s 


<Mi 

Figures above the diagonal represent the differences between means; 
those below, the corresponding indices of statistical significance. 



R 

Prose 


Com. 

M.-C. 

An ill. 

W.-W. 

CO 

Prose 


35,21 

49.10 

70,91 

115.70 

151.-10 


True- 








false 

5.68 


14.31 

36.62 

81.25 

m.2o 

(3) 

Completion 

5.80 

2.00 


21.81 

66.19 

90.4(1 

(4) 

Multiple- 








choice 

9,1+ 

5.3S 

2.67 


44.47 

6C.no 

! 5 ) 

Analogy 

10,92 

7.95 

5.61 

5,71 


19.20 

w 

Wrong* 







_ 

word 

16.19 

11.89 

8,17 

9.52 

1.6+ 



These rankings agree with those reported by Ruch 
(23) for recall, multiple-choice, and true-false ques¬ 
tions, except that “recall,*’ which corresponds to com- 





EYE-MOVEMENT STUDY OF EXAMINATION QUESTIONS 101 


pjetions in this study, required the longest time, A 
part of this discrepancy is doubtless explainable by the 
fact that subjects in the studies reported by Ruch were 
required to write out the answers, whereas here they 
reported verbally. The results obtained by Eurich 
(13), however, indicate that for some kinds of material 
the difference between true-false and completion ques¬ 
tions is slight, a finding confirmed by the present study. 


TABLE 7 

D 

Regressions ; Differences between Means and -'s 

ffj) 

Figures above the diagonal represent tile differences between means; 
those below, tile corresponding indices of statistical significance. 



R 

Prose 


Com, 

M.-C. 

Anal. 

W.-W. 

(1) 

Prose 


.75 

.64 

2,09 

3.32 

+.42 

(3) 

True- 








false 

3.36 


.07 

1.41 

2.63 

3.43 

(2) 

Completion 

2,91 

.35 


1.45 

2.66 

3.40 

(4) 

Multiple- 








choice 

8,10 

fi.4D 

7,44 


1.21 

3,83 

(S) 

Analogy 

8,7+ 

7,73- 

B.72 

3.65 


.42 

(6) 

Wrong- 








word 

11.00 

s.ss 

B,34 

4.4H 

.96 



Table 7 shows marked differences in the regularity 
in sequence of fixations for all question comparisons, 
except between true-false and completions and between 
wrong-word and analogy. This table also reveals the 
single instance in which a measure between prose and 
the questions is not significant—the difference between 
prose and completions is only slightly less than that re¬ 
quired for statistical significance. 

In order to make the relative magnitudes of these 
differences more comprehensible, and by way of sum- 
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mary, all the measures have been converted into per¬ 
centages and brought together in Table 8. 


TABLE 8 

Percentage ’Which Each Avghagh is op run Corrksponui; a 
Wrong-Word Average 


Types 

Number of 
fixations 

l’ausc 

duration 

Perception 

lime 

Number of 
regressions 

Prose 

55 

82 

46 

34 

True- 

false 

6+ 

90 

59 

45 

Completion 

59 

10S 

64 

44 

Multiple- 

choice 

75 

94 

72 

67 

Analogy 

BB 

99 

B* 

H6 

Wrong- 

word 

100 

f 00 

100 

100 


The interpretation of the table needs no elaboration. 
Column 4, perception time, shows the fractional 
amounts of time required to answer each type in terms 
of wrong-word items, This corresponds closely to the 
number both of fixations and of regressions which occur 
in reading each type. Completions in each instance 
constitute the exception to perfect agreement in rank. 
The reason is apparent in column 3, which indicates 
the relatively long average pause duration for this type, 
Completions, however, as has already been pointed out, 
are read like prase, with the exception of relatively 
long end pauses which contribute disproportionately 
to the means for pause duration and also to average 
perception time. Incidentally, this column again em¬ 
phasizes the high degree of constancy in pause dura¬ 
tion from type to type. 

2. Correlations . An attempt has been made to as¬ 
certain the relative degrees of interrelationship among 
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the variables by a study of the intercorrclations, These 
indices for the four measures of each type and prose 
arc presented in Tables 9 to 12, 


TABLE 9 

Fixation's: Pearson r's and P.K/s 


Types T.-F. 

Coin, 

M.-C. 

A ti til. 

w.-w. 

Prose .34±,07 

.1S±.09 

.1 6±.0fi 

,O6±.0B 

,22±,09 

Tnic-fnlsc 

.61±.()S 

.)C±.07 

,30±.0H 

.+2-«-.03 

Completion 


.G3±.0S 

,37±.07 

.41±,09 

Multiple-choice 



.G3±.05 

,Sft±,06 

Antilogy 




.39±.0B 


The absolute values of the coefficients in Table 10 
and those included in subsequent tables arc unimpor¬ 
tant; they are undoubtedly attenuated by somewhat low 
reliabilities—a point to be considered later. The rela¬ 
tive differences, however, appear significant, In gen¬ 
eral, the correlations between each type and prose are 
very low; and, in contrast with these, the intercorrcla¬ 
tions among the questions are fairly marked. This gen¬ 
eral difference probably reflects a modification in atti¬ 
tude which remains somewhat similar for the various 
questions but differs from that characteristic of prose 
reading. The single exception is the correlation be¬ 
tween prose and true-false items, which is slightly 
higher than the true-false-with-analogies coefficient. 


TABLE 10 

Pause Duration: Pearson r s and P.E.’s 


Types T.-F. 

Cam. 

M.-C. 

Anal. 

W.-W. 

Prose .3 Ozt.O 7 

,3S±,07 

,44±.07 

.42±,C7 

.43 ±.08 

True-folic 

,45 ±.07 

.54±.Q(j 

,16±.C7 

.42±.0E 

Completion 


.54 ±.06 

.2G±,08 

,60±.0C 

Multiple-choice 



,4I±,07 

,49 ±,07 

Antilogy 




,41±,08 
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The difference between prose and the questions does 
not hold for pause duration, as is apparent in Table 10. 
This, however, was to be expected from previous ob¬ 
servations on the relative constancy of pause duration. 

Table 11 shows the same general trend as observed 
for fixations, though the difference between prose- 
question and inter-question coefficients is less marked. 
This, of course, was to be expected since pause dura¬ 
tion enters into perception time. 


TABLE 11 

Perception Time: Pearson r's and P.E.'s 


Types 

T.-F. 

Com. 

M.-C. 

Anal. 

W.-w! 

Prose .33±.07 

True-false 

Completion 

Multiple-choice 

Analogy 

.29±.0B 

.61±,05 

.iR±.oa 

,Si±M 

.50±.06 

.Jl±,08 

.SGzt.Ofi 

.2ti±.09 
.+5 ±,07 
.•12±.0S 

.n±M 

.»6±.07 


TABLE 12 

Regressions: Pearson r’s and P.E.'s 


Types 

T.-F, 

Com. 

M.-C. 

Anal. 

W.-W. 

Prose 

.10±.08 



•08:fc.0S 

JS=fc.0B 

True-false 

Completion 

Multiple-choice 

Analogy 

,59±.0i 

,3B±.07 

,S9±.0J 

.J7±,07 

.SJit.Ofi 

.*15±.07 

J9±.0S 

.18±,0S 

.-io±.oa 

A9±.07 


Inspection of Table 12 shows the same general trend 
for regressions that was observed for fixations and per¬ 
ception time. The prose-question correlations, with 
the exception of prose vs. wrong-word, arc near zero; 
while, relatively, the inter-question coefficients arc 
fairly high. 

3. Reliabilities . Determination of the reliabilities 
of the eye-movement measures obtained for the various 
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types of questions is a difficult problem. For the prose 
the sample of reading is fairly adequate; but each set 
of questions includes only five items and these differ 
in difficulty. However, all the comparisons have been 
made with group averages, and, with respect to the 
correlations, only relative differences have been util¬ 
ized. Nevertheless, an estimate of reliability has been 
attempted and the results are presented in Table 13. 


TABLE 13 

Reliabilities: Prose—Odds w. Evens; Questions—Seconds vs. 
Fourth Question in Each Set 


Types 

Fixations 

Raw r S-B r 

Perception Time* 
Raw r S-B r 

Regressions 
Raw r S-B r 

Prose 

.77 

.87 

.79 

.88 

.64 

,78 

True-false 

,28 

.66 

.42 

.7 B 

.47 

,81 

Completion 

.31 

,70 

.33 

.71 

,22 

.58 

Multiple-choice 

.42 

.78 

.42 

.78 

.47 

.81 

Analog/ 

.33 

.72 

.42 

.78 

,20 

.55 

Wrong-word 

,46 

.81 

.27 

,65 

.65 

.90 


•Pause duration has not been included since It is combined with number 
of fixations in perception time. 


The first column under each heading gives the raw 
coefficient for each type of material, For the prose, 
these indicate the reliability of half the material (odd 
ur. even lines) and for the questions, of one-fifth (sec¬ 
ond vs. fourth items). The second columns under 
the corresponding headings show the correlations, esti¬ 
mated by the Spearman-Brown prophecy formula, for 
the amount of material actually used, 

4, Comparison According to Levels of Difficulty. 
Since there are five measured levels of difficulty repre¬ 
sented in each set of questions it was possible to deter- 
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mine tc what extent these differences conditioned varia¬ 
tions in the eye-movement measures. It might have 
been expected that the harder the question the greater 
would be the effort required to read and answer it; and 
this should have been reflected in increased number of 
fixations, regressions, and perception time. However, 
except for very easy and harder items, the records show 
that the mean differences between successive levels arc 
slight. For each type of question, fluctuation from one 
level to another in the eye-movement measures occur, 
but the direction of change is inconsistent and probably 
the result of chance errors of sampling; it does not 
parallel the increments of difficulty, with this excep¬ 
tion: In every case, except one, the easiest item requires • 
fewer fixations than any harder question, and always 
the hardest item exceeds the easiest in average number 
of fixations. Moreover, the differences between the 
easiest and hardest items are statistically significant for 
all types except analogies. 

Incidentally, this discovered lack of correspondence 
between difficulty and the eye-movement measures sup¬ 
ports the validity of the differences found for the vari¬ 
ous types of questions by showing that the preciseness 
of the control for difficulty was more than sufficient. 
The differences between significantly different types 
exceed the range of variation according to levels of 
difficulty. 

5. Summary, The various types of questions have 
been compared with each other and with prose in terms 
of averages for number of fixations, pause duration, 
perception time, and frequency of regressive move- 
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ments. Between the questions as a whole and prose the 
differences are marked and statistically significant in 
every instance except one—the number of fixations and 
regressions required to read and answer completions is 
only slightly greater than for prose, In terms of these 
measures, true-false items differ little from comple¬ 
tions, and wrong-word questions are very similar to 
analogies. Pause duration, which is the least variable 
of all measures, exhibits little difference from type to 
type, except that on the average it is unusually long for 
completions. One notes especially the marked differ¬ 
ences between the questions and prose. For perception 
time, which is most important from the point of view 
of time economy in the use of objective questions, 
the rank order is as follows: true-false, completions, 
multiple-choice, analogy, and wrong-word items. The 
differences are statistically significant in every case ex¬ 
cept true-false vs. completions, multiple-choice vs. com¬ 
pletions, and analogy vs. wrong-word. All the types 
differ significantly from prose, The mean compari¬ 
sons for regressions which are indices of the irregulari¬ 
ties in the sequence of eye-movements show that com¬ 
pletions and true-false items are read much like prose 
while the other types are read much more analytically, 
particularly analogies and wrong-word questions. 

An analysis of the intercorrelation coefficients re¬ 
veals a quite consistent general trend. Practically all 
the correlations between prose and the various types, 
except for pause duration, are near zero; in contrast 
with this, the question intercorrelntions arc, relatively, 
fairly high. This is interpreted as indicative of a 
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change in attitude which is modified in going from 
prose to questions but remains quite similar from one 
type of question to another. 

Comparisons of questions varying in degree of diffi¬ 
culty reveal no differences in average number of fixa¬ 
tions, perception time, and average frequency of re¬ 
gressions, -which may be considered to parallel suc¬ 
cessive increments of difficulty, except between the 
easiest and harder items. 

B. Qualitative Description of How Objective 
Questions AnE Read 

The qualitative description of how the different 
types of questions are read is chiefly in terms of pat¬ 
tern or sequence of eye-movements, but number and 
durations of pauses have also been considered. The 
plotted records, illustrating the various procedures em¬ 
ployed in reading the different forms of questions, con¬ 
stitute the basis for description. 

Perhaps the most striking fact revealed by the 
plotted records is the breadth of variety. Variation 
in the patterns of eye-movements both for different 
types and for different questions of the same form 
ranges from the smooth sequence of pauses typical of 
easy prose to an erratic series of oscillatory backward 
and forward movements, which defies classification 
as "reading.” Nevertheless, a kind of classification, 
somewhat arbitrary, to be sure, is possible. In fact, 
when the various procedures are grouped into cate¬ 
gories displaying rather marked similarities, consider- 
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able consistency is apparent. The nature of this con¬ 
sistency and the basis for the classification can be illus¬ 
trated best by presenting the classification itself. 

The classified material includes 170 plotted records, 
30 of each type except disarranged sentences, for which 
only 20 records were plotted, These records, consist¬ 
ing of an easy, average, and most difficult item from 
each type, represent the performances of only 10 sub¬ 
jects. They are probably typical of the entire group, 
however, because the criteria for selection were clear¬ 
ness and distinct separation of dots on the film. Since 
these factors are determined by die experimenter and 
apparatus (the light might vary in intensity, the speed 
of the passage of film might change slightly, etc,), 
the selection of subjects would be perfectly random. 

In classifying the modes of procedure in reading and 
answering the questions, records were considered 7 
"analytical,” “erratic,” etc., relative to the correspond¬ 
ing typical prose performance for each individual. 
Samples of the eye-movement records in reading prose 
for the 10 subjects whose question records are plotted 
in Figures 2 to 7 are presented in Figure 1. The prose 
and question records for a given subject may be identi¬ 
fied by the number preceding each item in the column 
headed u fi. n 

Inspection of Figure 1, showing the sample prose 
records, indicates a fairly wide extent of variability. 
Since the line for each subject was chosen to represent 


7 Clasgificntion i.i baaed an subjective estimates of the author; for inde¬ 
pendent verification sec complete original data in appendix to thesis on 
file in Graduate School, University of Minncaotn. 
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his average performance as nearly as possible, this vari¬ 
ation may be considered to characterize the group as 
a whole. (Only 7 records are reproduced, but since 
Number 22 is similar to 8, 50 similar to 39, and 30 
similar to 12, one record of each pair may be taken as 
representative of the other.) The series of numbers 
above each line show the order of fixations and the 
corresponding figures below the line give the dura¬ 
tions of each pause in fiftieths of seconds. For ex¬ 
ample, in the record of Subject 33, showing a rapid 
sequence of eye-movements, the first pause at the be¬ 
ginning of the line lasted 10/50 of a second, the second 
9/50, etc. 

The plotted points represent exact points of reflec¬ 
tion of light from the “bright spot” on the cornea, but 
they should not be interpreted to imply that the corres¬ 
ponding points of visual fixation are so sharply cen¬ 
tered, Dodge (11) and others (8, 25) have shown 
that it would be more exact to speak of “fixation field” 
rather than point. This field extends over an area of 
3 or 4 letter spaces (25), exclusive of “marginal im¬ 
pressions'' (11, 15) from eccentric stimulation. Thus 
the sensory effects from fixation on any point or even 
near a word are practically equivalent. 

With this orientation we consider now the descrip¬ 
tion of the various types of questions. 

1. Wrong-Word. Representative procedures in 
reading wrong-word statements are illustrated in 
Figure 2. It is apparent from inspection of the rec¬ 
ords plotted in this plate that the reading of wrong- 
word questions is characterized by at least six varieties 
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Representative Procedures in Reading Wrong-Word State¬ 
ments 

{a) regular progression first, then analytical, 13( b ) analytical, 
6; (c) '‘plodding” analytical progression, 3; {<[) cureful regular 
progression, 3; (e) regular progression with ''vetheck' 1 on answer, .V, 
(0 analytical progression with concentration on significant words, 2. 
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of eye-movement patterns, Typically, in 43 per cent 
of the cases, the questions are read through first with 
a regular prose-like sequence of eye-movements, and 
then follows an analytical or irregular oscillating 
sequence, The first line in the plaLe, 43-a, illustrates 
this mode of performance. Line 50 -b shows a type, 
representative of 20 per cent of the records, where there 
is no preliminary “regular” reading but only an irregu¬ 
lar sequence from beginning to end—the process is 
analytical throughout. A third variety, line 26-c, 
which occurs less frequently, consists of a “plodding" 
analytical progression directly along the line of print; 
there are regressions, but they are much shorter than 
those in the two preceding lines, A fourth type, line 
39 -d y occurring with the same frequency as 26 -c (10 
per cent), illustrates what has been called "careful reg¬ 
ular progression"; there are no more regressions than 
in prose reading, and it is distinguished from the latter 
only by more and longer'fixations. In a fifth type, 
12-e, also occurring with a frequency of 10 per cent, 
the questions are read through like line 43-<? in regular 
prose fashion and then there is a refixation on the word 
reported as the answer. Finally, a variety was noted 
distinguished by analytical progression through the 
statement followed by concentration on significant 
words, as illustrated by 12-/. 

Since the varieties of procedure overlap the degrees 
of difficulty of the items, all three levels of difficulty 
are found frequently in each category. Therefore, 
this factor has been neglected and the questions have 
been classified only according to type and variety of 
eye-movement pattern. 
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2. Analogies. The variation in pattern of proced¬ 
ure is even greater for analogies than for wrong- 
word statements. This, however, was to be expected 
because of the more complex structure of the questions. 
Wrong-word items, being simply prose statements, arc 
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. Representative Procedures in Reading Anaiogim 
(a) analytical progression, relation first ami then alternatives, 6; (i) 
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direct progression, 6; (d) senn and then erratic, 4; (?) Analytical 
progression to alternatives and then Analytical with incomplete rcnil- 
hi& 2. 
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read differently because of the changed attitude evoked 
by the directions to look for a specific item of content, 
namely, the word which makes the statement wrong. 
The analogy consists really of two parts: a given re¬ 
lationship, more or less complex in itself, and a corre- 
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FIGURE 34 

Representative Procedures in Reading Analogies 
(/) analytical progression to alternatives, then "spot” and concentra¬ 
tion, 2; {ff) analytical progression to alternatives, then careful pro¬ 
gression find concentration, 1; (/j) analytical to alternatives, then 
careful progression, anti finally erratic, 1; (/) analytical progression 
and through alternatives, then erratic, 1; (j) erratic, 1. 



116 


ARDEN FRANDSEN 


Late which is to be deduced by choosing- the fitting word 
from four alternatives. 

Ten different modes of reacting to this type of ques¬ 
tion were noted, examples of each variety being exhib¬ 
ited in Figures 3 a and 3 b. The procedures arc typi¬ 
cally analytical. Twenty per cent of the analogies, 
SO-#, show analytical progression through the first re¬ 
lationship and then an analytical irregular series of 
fixations distributed over the alternatives, Another 20 
per cent were read in regular, careful, prosc-Jike pro¬ 
gression, 30-/>. A third type, 32-c, occurring with equal 
frequency, illustrates an analytical series of forward 
and backward oscillations without direct progression. 
Item 22-d, however, shows a rapid “scanning” pro¬ 
gression followed by erratic oscillatory movements. 
A fifth type, 32-c, exhibited in 6 2/3 per cent of the 
records, differs from other analytical varieties only in 
that the analytical progression is terminated without 
fixations on all the alternatives. Another type, with 
the same frequency, 26-/, also illustrates analytical 
progression to the alternatives, then a “spotting" pro¬ 
cedure, in which perception was evidently mediated 
through eccentric stimulation, and, finally, concentra¬ 
tion upon the choice of alternatives. Four other an¬ 
alytical types, each with a frequency of 3 1/3 per cent 
show, respectively; analytical progression to the al¬ 
ternatives succeeded by careful progression anil con¬ 
centration (12 -g) ] analytical progression to the al¬ 
ternatives and then careful progression followed by 
erratic oscillations (12-/i); analytical progression to 
and through the alternatives and then erratic eye - 
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movements (43-t) ; and, finally, a type characterized 
by an erratic sequence of eye-movements throughout. 

3. Multipie-Choice. Like the analogies, the mul- 
tiple-,choice items are constructed with two parts. 
The statement preceding the alternatives in the 
multiple-choice question, however, is much less com¬ 
plex than the first part in the analogy, and for this 
reason some differences in eye-movement patterns 
would be expected. Both types are usually read ana¬ 
lytically, but there is a difference in degree, the 
multiple-choice items showing the more regular 
sequence of eye-movements. The nine varieties of 
procedure which are displayed indicate a similar de¬ 
gree of variety. 

Most frequently, 27 per cent of the records, the 
multiple-choice questions are read with analytical pro¬ 
gression to and through the alternatives, but with more 
concentration on the alternatives. Item 30-a, Figure 
4-a, illustrates this type. In another kind, ZZ-b ) occur¬ 
ring with a frequency of 23 per cent, there is first regu¬ 
lar prose-like progression to the alternatives and then 
analysis, Question 26-c shows a feature noted in the 
analogies but more characteristic of multiple-choice 
items, namely incomplete reading of the alternatives. 
In this item regular progression to the alternatives ter¬ 
minates with a concentration on the answer reported, 
without fixation on the remaining alternatives. Three 
other varieties of multiple-choice procedures, differ¬ 
ing in other respects, exhibit this same phenomenon. 
In 50 -d analytical progression to the alternatives is fol¬ 
lowed by concentration on the first alternative which 
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FIGURE 4a 

Representative Procedures in Reading Multii’Lk*Chmcu 

Questions 

(a) analytical progression to find through alternatives, H; {b) regular 
progression to alternatives, then analytical, 7; (r) regular pmgrcs'uun 
with incomplete reading and concentration on clinici'. id alternatives, 
4; (ri) analytical progression with incomplete reading and concentra¬ 
tion on choice, 4; (e) analytical progression with incomplete reading 
of alternatives, 1. 

was reported as the answer without further fixations. 
Line 26 -b differs from 50-r/ only in the absence of con¬ 
centration on the alternative answered. Line .12 
Figure 46, illustrates a similar partial reading of the 
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Representative Procedures in Reading Mui.tiplf.-Ciioice 

Questions 

(/) regular progression with incomplete reading of alternatives, 2; 
(tf) erratic, 2; (A) regular progression to and through alternatives, 
then erratic, 1; (i) analytical progression to and through alternatives, 
then erratic, 1. 


alternatives without concentration, but the first part 
of the question is read more like prose. Sometimes, as 
shown by line 43 -g, the sequence of eye-movements is 
erratic from beginning to end. Item 39-A illustrates 
regular progression to and through the alternatives and 
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then erratic to and front oscillations. A-fid, finally, ns 
in 12 -/, the erratic sequences of eye-movements are pre¬ 
ceded by analytical progression to ami through the al¬ 
ternatives. 

4 , True-False. One should expect true-false items 
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FIGURE 5 

Representative Procedures in Reading Thuk-Fa).sk 
Statements 


(ff) regular progression with pause on "T-F , 11 17; ( b) analytical 
progression with pause on “T-F," 6; (r) analytical, .1; {d) regular 
progression, then analytical with pause on “T-F," 2; (/) regular 
progression with "rcclieck” and pause on "T-F," 2, 
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to be read less analytically than the previously consid¬ 
ered types since attention is not necessarily directed to 
specific items of content but more to comprehending 
the statements as wholes, as is true for prose. The 
typical reading of this type (57 per cent of the cases) 
is shown by 12 -a in Figure 5, where a regular prose-like 
sequence of eye-movements is followed by a rather long 
pause on the “T-F" abbreviation. Another 20 per 
cent, however, are read analytically with a similar 
pause at the end, 39 -b. Another 10 per cent differ 
from line 39 -b only in the absence of the end pause, 
50-c. In 6 2/3 per cent of the instances the prose-like 
progression during the first reading changes to the 
analytical type, 43-^. And, finally, as in 43-e, occur¬ 
ring with equal frequency, regular progression is fol¬ 
lowed by a short refixation on a significant word and 
then a pause at the end. 

5, One-Word Completions. Simple completion 
questions, like true-false statements, should be expected 
to be read much like prose since the solutions to the 
problems cannot be found in further analysis after the 
question is once comprehended. The fact that even 
less variation of procedure occurs with this type than 
for true-false statements supports this supposition. 
Line 30-0, Figure 6, displays the typical procedure for 
completions. This regular prose-like progression of 
eye-movements with a relatively long pause on the 
blank at the end represents 63 per cent of the readings. 
Sometimes (13 per cent), however, as shown by 22 
the regular progression stops without an end pause. 
Equally frequent is the type, 39-c, exhibiting analytical 
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FIGURE 0 

Representative Procedures in Reading Comiu.rtion 
QUUSTIONS 


(<j) regular progression with pause on blank, 19; (i) regular pro¬ 
gression, 4; (c) analytical progression with pause on blank, 4; (d) 
regular progression with pause on significant word, 2; (r) regular 
progression with "rcchcck” and pause on blank, 1, 


progression with an end pause on the blank. In fewer 
instances (6 2/3 per cent) one finds regular progression 
■with a concentration of pauses on a significant word, 
$0-d, Finally, as was noted for true-false statements, 
in a few instances (3 1/3 per cent), 30-e, a regular 




EYE-MOVEMENT STUDY OF EXAMINATION QUESTIONS 123 


sequence of eye-movements followed by a short re¬ 
fixation and an end pause occurs. 

6 . Disarranged Sentences. It has been observed 
that an analytical or even erratic sequence of eye- 
movements is much more characteristic of wrong- 
word, analogy, and multiple-choice items than it is 
of true-false and completion statements. The task set 
by the disarranged sentence, where the attention is 
directed to specific details in the item, also should be 
expected to evoke an analytical procedure. The 
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Representative Procedures in Reading Disarranged 
Sentences 

(g) analytical, 12; (b) regular progression first, then analytical, 5; 
(r) careful progression, 3, 
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plotted records presented in Figure 7 show that an 
analytical procedure characterizes B5 per cent of the 
records. The most frequently occurring type (60 per 
cent) is illustrated by item 32-fl, which shows analyti¬ 
cal procedure throughout. In 25 per cent of the 
records the question is first “surveyed" with a regular 
sequence of eye-movements succeeded by an erratic 
sequence, 30 -b. Finally, a third variety exhibits a 
“careful" but regular succession of fixations, 33-c. 

7. Summary and Discussion. The eye-movement 
patterns exhibited in reading and answering objective 
questions differ most from those characteristic of prose 
in the more analytical character of the former; for the 
questions the sequence of fixations is more irregular 
and pauses are both more frequent and longer. A 
second striking general difference is the variety of pro¬ 
cedures exhibited in reading the different types of ques¬ 
tions. The patterns range from a regular prose-like 
progression to an irregular series of oscillations sug¬ 
gestive of the reading of the isolated formulae in 
Tinker’s study, which he characterized as being “read 
much as a design is studied” (21), He tween these 
extremes are the typical modes for the various types. 

A prose-like progression followed by an analytical 
series of saccadic shifts most frequently characterizes 
the reading of wrong-word items, although some arc 
read analytically throughout, Analogies, distin¬ 
guished by the greater variety of procedure, typically 
show irregular, analytical sequence, Multiple-choice 
questions, close rivals for variety, also are usually read 
analytically, but regular progression frequently occurs, 
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particularly on the first part. True-false and comple¬ 
tion questions, most similar to prose, exhibit the least 
variability. More than half the items are read like 
prose, although some analytical reading occurs. This 
similarity of completions and true-false statements to 
prose, which is in contrast to the marked differences 
betweeii prose and the other types in the matter of re¬ 
gressions, is consistent with the differences revealed by 
the quantitative comparisons. The reading of dis¬ 
arranged sentences is almost wholly analytical. 

Of the more specific features observed, the long 
pauses and partial readings are especially interesting. 
These long pauses occur at the ends of true-false items, 
and more frequently on the blanks at the end of com¬ 
pletions. Fixations lasting as long as 9 seconds, to 
mention an extreme, account for the comparatively 
high average pause duration and relatively greater 
dispersion previously noted for completions. The 
pauses in these types indicate that once the question is 
comprehended, further perception is unnecessary. In 
the wrong-word, analogy, and multiple-choice ques¬ 
tions, however, where in every instance new fixations 
occur continuously until the solution is reached, it ap¬ 
pears that the central processes of assimilation and 
association require constant perceptual supplementa¬ 
tion. This difference may be significant for the con¬ 
sideration of any possible specific validity possessed by 
the different types. 

Incidentally, the relatively limited perceptual be¬ 
havior required to answer true-false statements may 
explain the failures of Stumpf (28) and others to dis- 
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cover any difference in response to these items whether 
presented orally or visually, 

Partial or incomplete readings, most typical of 
multiple-choice items, also occur with analogies, 
Since these two types are alike in the form of the al¬ 
ternatives, the reason for the more frequent occurrence 
of this phenomenon with multiple-choice questions 
must be due to differences in the first part of the state¬ 
ments. The greater simplicity of multiple-choice 
statement probably initiates a more definite “set" for 
the choice, and consequently the correct alternative is 
more easily recognized. These incomplete readings, 
which occur whether the correct alternative is in the 
first, second, or third position, suggest a nice adjust¬ 
ment of eye-moveincuts to the demands of a particular 
situation, Eye-movements, it appears, arc made in 
response to the needs of the central processes of assim¬ 
ilation and association, the responses to the external 
stimuli being secondary. 

It should be noted, however, that failure to fixate 
upon a word, as Dodge (11) and Hamilton (15) have 
shown, does not necessarily imply that it has not been 
perceived. "Marginal impressions' 1 from eccentric 
stimulation may have been sufficient for recognition of 
non-fixated words. But marginal stimuli normally in¬ 
itiate reflex movements of the eye in their direction 
(15); these, however, are inhibited in the case of the 
partial readings, Therefore, whether the non-fixaied 
words are regarded as neglected or eccentrically per¬ 
ceived, we have the apparent demonstration of central 
dominance over the peripheral processes. 
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The long pauses, as has already been indicated, also 
illustrate an effective adjustment of the motor to the 
central processes, Once the true-false or completion 
statement is apprehended, the mental associations take 
place without further perception, and perhaps easier, 
since the pauses presumably involve less distraction 
than the fixation of new material. 6 

These special instances, however, are not the only 
data to support an hypothesis of central dominance. 
The variations in pattern of eye-movements corres¬ 
ponding to the different types of questions indicate 
adjustments, which logically, at least, appear suited 
to each particular situation. Even the most erratic 
oscillations could hardly be called ineffective for the 
situations where they occur since they are accompanied 
more often than not with correct responses to the ques¬ 
tions, (It will be recalled that the percentage of in¬ 
correct answers averaged about 40, and that the aver¬ 
age perception time was only slightly greater for in¬ 
correctly answered items. Moreover, some of the 
items scored wrong were undoubtedly right according 
to the misinformation of the subjects,) Certainly in 
these instances it would be misleading to interpret an 
erratic series of eye-movements as indicative of “con¬ 
fused mental processes." In reading easy prose erratic 
eye-movements may be symptomatic of mental con¬ 
fusion, blit in answering objective questions, paraphras¬ 
ing, reading formulae, and even in reading Latin, 


“Thin interpretation was suggested by Uuswcll’s study (■!), 
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where the grammar is highly formalized, they may 
represent an adequate adjustment to the situations. 

Finally, the general trend of results from previous 
investigations of special types of reading is in harmony 
with the view here advanced. In some of these studies 
the changes in purpose or content of reading are so 
slight that they require only slight modification of the 
eye-movement pattern which characterizes the reading 
of easy prose; in others, the changes become so rad¬ 
ically different that prose habits arc completely aban¬ 
doned. But in every case a rapid and more or Jess 
effective adjustment to each situation is typical. The 
fact that habits acquired from constant reading of prose 
do not interfere when the situation demands a different 
pattern of eye-movements suggests that the oculomotor 
processes are subordinated and flexible in their re¬ 
sponses to the needs of the central processes of assimila¬ 
tion and association, 



IV 

SUMMARY 

This study attempts to describe in both quantitative 
and qualitative terms how objective examination ques¬ 
tions differing in type and by measured amounts of dif¬ 
ficulty are read, as they are answered. The eye-move¬ 
ments, which constitute the units of description, were 
photographed with a modification of the Dodge appar¬ 
atus. The material read included a paragraph of scien¬ 
tific prose and the following types of objective 
examination questions: wrong-word, analogy, multiple- 
choice, true-false, completion, and disarranged sen¬ 
tences. Photographic records, yielding measures of 
frequency of fixations, duration of pauses, and sequence 
of eye-movements, were obtained for 66 college soph¬ 
omores, 

The controls were such that (1) variation in content 
of material, (2) differences in difficulty from one type 
to another, (3) dissimilarities in the printing set-up, 

(4) possible advantages from order of presentation, 

(5) selection of subjects, and (6) lack of uniformity in 
directions have been eliminated or at least have had 
their influence as possible variables reduced to a mini¬ 
mum. Under these conditions it appears justifiable to 
attribute any differences observed in the pattern of eye- 
movements for the various types of questions, and in 
comparison with prose, to the effect of the form of 
the questions, And within each set of questions where 
difficulty is the experimental variable, other factors 

[129] 
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being controlled, possible differences may be conclud¬ 
ed to have resulted from the influence of this factor. 

A quantitative analysis of eye-movement measures 
justifies the following statements: 

1. In every instance the prose averages for number 
of fixations, duration of pauses, perception time, and 
frequency of regressions are exceeded by the corres¬ 
ponding means for the questions. The relative magni¬ 
tudes cf the differences vary, but they arc statistically 
significant in every case except the prose-completion 
comparisons for fixations and regressions. This ap¬ 
parent discrepancy is consistent with the special se¬ 
quence of eye-movements characteristic of this type of 
question. 

2. The types of questions arc ranked in order of 
increasing perception time as follows: true-false, com¬ 
pletion, multiple-choice, analogy, and wrong-word. 
The differences between ranks are all statistically sig¬ 
nificant, excepting the true-false dj. completion, com¬ 
pletion vs. multiple-choice, and analogy vs, wrong-word 
comparisons. 

3. The various types take the same ranks for fixa¬ 
tions, except that completions require slightly fewer 
fixations than true-false statements. This pair and the 
analogy and wrong-word pair are the only comparisons 
which fail to meet the criterion of statistical signifi¬ 
cance. 

4. Average pause duration varies only slightly 
from one type to another, The rank orders arc the 
same as those for perception time, except that cample- 
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tions rise from second to fifth place, but only 4- out of 
the 10 differences between types are statistically sig¬ 
nificant. 

5. The ranks according to average number of re¬ 
gressions for each type parallel the rank order for 
fixations, and the same differences, true-false vs. com¬ 
pletions and analogy Dr, wrong-word, arc statistically 
not significant. The true-false and completion ques¬ 
tions differ markedly less from prose in number of 
regressions than do multiple-choice, analogy, and 
wrong-word items, 

6 , The relative variability of the eye-movement 
measures, as expressed by the coefficients of variation, 
is fairly constant from one type to another for fixations, 
perception time, and regressions. In pause duration, 
however, the relative variability is significantly greater 
for completions than for other types. In general, re¬ 
gressions exhibited the largest extent of variation and 
pause duration the smallest. 

7. The intercorrelations reveal a quite consistent 
trend. Practically all the correlations between prose 
and the various types, except for pause duration, are 
near zero; in contrast with this, the question inter- 
correlations are, relatively, fairly high. This general 
difference probably reflects a modification in attitude 
which remains somewhat similar for the various ques¬ 
tions but differs from that characteristic of prose read¬ 
ing. 

8 , In general the relationship is slight between 
levels of difficulty (5 levels are represented) of the 
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questions and the eye-movement measures. Very easy 
items require fewer fixations and regressions ami short¬ 
er perception time than harder items, but only between 
the easiest and the hardest is there a consistent signifi¬ 
cant difference. 

A qualitative analysis of 170 plotted records reveals 
such variety in reading-procedures that any brief sum¬ 
mary of the results must be limited in preciseness, 
The general characterizations listed below mask signi¬ 
ficant details; they indicate only the most frequently 
noted features. 

1. Wrong-word questions are usually read with 
careful prose-like progression followed by an analyti¬ 
cal series of eye-raovements. Sometimes, however, 
they are read analytically throughout. 

2. Analogies, for which the greatest variety of pro¬ 
cedures occur, are typified by irregular, analytical 
sequences of fixations. 

3. Multiple-choice items, dose rivals of analogies 
for variety of procedure, are most frequently read an¬ 
alytically, but regular prose-like progression also 
occurs, particularly on the first part. Partial or in¬ 
complete reading of the alternatives is frequently ex¬ 
hibited with this type and occasionally with analogies. 

4-. True-false and completion items show the great¬ 
est similarity to prose and exhibit the least variability 
in sequence of fixations. Analytical reading occurs, 
but most frequently, except for the endings, they are 
read like prose. A feature specifically characteristic 
of completions is a long pause on the blanks at the 
ends of the statements. 
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5. Disarranged sentences are generally read an¬ 
alytically throughout. 

The two most general differentiae distinguishing the 
reading of objective questions from prose reading are 
the more analytical sequence of eye-movements and the 
striking variety of procedures employed in reading the 
questions. In each instance, however, the mode adopt¬ 
ed for a particular type appears suited to the situation. 
Notwithstanding constant practice with prose, this 
variety of apparently effective procedure and such 
special features as the long pauses on completions and 
the partial reading of multiple-choice and analogy 
questions indicate that the oculomotor processes are 
subordinated and flexible in their responses to the 
central processes of assimilation and association. 
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UN£ ETUDE DES MOUVEMENTS DES YEUX DANS LA LECTURE 
DE QUESTIONS OBJECTIVES D'EXAMEN 

(RdsumS) 

Dea enrcgistrements photogrnphiques tics mouvements dcs ycux, leaqiiela 
ont donne dcs mesurcB cle la frdqucncc tics fixations, dc la diircc dcs pauses, 
ct de l'ordrc cle succession des clinngements sneendds, ont did obtenua pour 
66 dtudinnts univmitairos de deuxidme annde pendant qiVils ont lu^ un 
paragmplie de prose scientifiquc et six types divers de questions objectives 
d'examcn, Lea controlcs ant dtd fails dc sortc que la variation (1) du 
contend de la matidre, (2) dcs differences dc difficult^ entre I'un type et 
le Buivant, (3) dcs dissimilitudes duns I'npparencc typograpliiqnc, (4) dcs 
avntitages possibles de l'ordre dc presentation, (5) du choix des Bujcts, ct 
(6) du manque de l'uniformitd dans les directions ont dtd dliininds ou du 
moins on a fait reduire au minimum leur influence comme varinbles pos¬ 
sibles, Dens ces conditions il parait justifiable d'nttribucr des differences 
quelconqucs observes dans In forme des mouYements dcs ycux pour lea 
divers types dea questions, et en comparaison avec la prose, A J'e/Fet de 
In forme des questions, 

Les rdsultnts d'uile Atude quantitative des enrcgistrements sont les sui- 
vantat 

1. Les types dea questions ranges en orilre de ^augmentation de In tlurdc 
de la perception sont les suivants; vrai-faux, completion, choix multiple, 
analogic, ct mot faux. Cet ordre nc yarie que peu qunnd on les range 
scion le nombre dcs fixations, la durec des pauses, ou les regressions. Lc 
variable le moins important dcs mc9ures des mouvements des ycux cat la 
durdc des pauses. Dana toutes lea mcsurca les moyennes pour les questions 
(Idpasscnt celies pour la prose, dc montants divers. 

2. A peu pris toutes les correlations entre la prose et les diverses ques¬ 
tions, A l'cxccption de In durdc dcs pauses, sont presque nulles; en con- 
traste ovec ccci, les inteicorrdlatioua dcs questions snnt rclntivemciit asaez 
elevdes. Cette difference reflate probablcmcnt unc modification de l'attitude 
ou disposition laqucllc restc assez semblable pour les diverses questions mnis 
dilfArc de ceJle qui cat caractci'istiquc dc In lecture dc la prose, 

3. II n'exisle nulle relation constniltc entre la difficulte des pnrtics (cinq 
niveaux ont dtd represents dnns cliaque type) et les mcBures dcs mouve¬ 
ments des ycux, 

L'nnalyse qualitative des enregistrements montre que les deux differences 
les plus gdndrales qui distinguent In lecture des questions objectives et la 
lecture de la prose sont la suite plus nnalytique des mouvements des ycux 
ct la variete frappante dcs procldcs employes dans la lecture dcs questions. 
Dans cliaque exemple, cependnnt, le raoyen ndoptd pour un type specifiljue 
semble sliffisiint A la situation, Malgi'6 I'excrcicc constant avec la prose, 
cette variete do proccdds appareinent efHcaccs et les carnetdristiques spdciales 
teJIea que ics longues pauses sur les completions et la lecture partidlc dcs 
questions cle choix multiple ct d'annlogie indiquent que les processus oculo- 
motctirs sont stibordannds et flcxiblcs clans lours rdponscs mix processus 
ccntrnux dc ['assimilation ct dc I'associntion. 


FaANnsiiN 
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EIN AUGENBEWEGUNGSSTU 1)111 M VON OJIJKJCTJVEN 
EXAMENFRAGEN 

(Rcfcrnt) 

Pliotogntpliisclic Aiifmliinen tier AuKcnbewcgungcii, die Welle (iir 
Hilufigkcit dcr Finicrmigcn, Dnucr dcr Zvviacliciuciieii, und RciUcnfulge 
von Ruckverscheibuiigon wnrilen vnn &G DniymiutsMudcMeh bcim Porch- 
Jeseu cincs Abscliniucn finer wisscinichnflliclien Abluindluilg mill icchl 
ycraclucdcner Arten von ubjckiivcn HxnmcnfrnKen crhallcn. Hie Knnirollcn 
waren soldier An, ilaas die Variation (l) dcs Inlwlu dc* Mtlcriali, (2) 
Untcrscliiedc dcr Schwlerigkeiien zwiachen den vcrschicdeiicll Arlcn, (3) 
Unahnlichkeitcii in der Dnicknnfnincbinig, (4) inogliche Vuricilc dcr dureh 
die Ordnung cnlsiandeiic Dtrslellung, (5) Auswnhl ilcr Vpn., und (<3) 
dcr Mangel an ElnfBnnlgkeii dcr Richlungcn warden niiBRcsclullcn, oiler 
wenigatens ala mogliche Varinblcn nuf cin Miniimnn reduzicri. linicr dicsen 
CTmatindcii schcint cs bercchligt zu scin, dcr Wirkung drr Form dcr Frngcn 
irgendwelche Untcrachicde, Oic in dcr CicaUit der Auxcnbevrcgungen bei 
der verschicdcncn Arlcn dcr Fragcn beubidilci warden, und im Vergleich 
zar Prnsn, zuMiSchfciben, 

Die BrgebnUsc dca qu(iniUniivcu Siudiuma sirnl folgcndc: 

1. Die Typen dcr Frngcn, die in cine Reilie von zuneHmcndtr Wnlirneh- 
mungszeit eingcordnct warden, aind folgcndc: webr-lnlicli, Rrghnzung, 
vielfaqhc Wahl, Analogic, und falachcii Wnrl. Diene lvinorilming ynejjeri 
nur wenig, wenn sic nach dcr Anznlil dcr Fixicrungcn, Dnucr der Zwisclion- 
zeiten, odcr Rftckkchr eingcordnci wird. Die gcringsic Variable tier Augcii- 
bewegung, die gemcsicn wnrdc, isi die Dnucr dcr 1'iuiscn. llcj nllcn 
Messungen flbcrlreffen die Durcluichnimwerie liir die Fragcn diejenigen 
fiir die Frasa ichwcnkcnd. 

2. Fast idle Karrciniioncn ziviechcn Prow mid den vcridiiedcricn 
Frngen, die Pausendnucr amgenommen. nSlircn nidi Null; im (jckciiram 
dn*u aind die Frngcnkorrclmioncn vcrbiilinissin'iisisig limb. Dicacr l/nlcr* 
«M*d spiegetl vr nhwdieUdfeb tint YtiiMidttunR dcr Auivddc ndev llibdei- 
lung wieder, welcbe fiir die venehiedenen Fragen zlcmlich gleicb lilcibl, 
aber von jencr Eigentiinilichkeit dca ProsalcBens vcmdiicdcn Ui. 

f._ Zwischen der Schwicrigkcii der G eg en Ail rule (fiinf Kdiiclticn warden 
bei jeder Art gegeben) und den Augcnbowcgungwcricn wnr kein glcicb- 
roassigta Veilmlnia. 

Elne qualitative Analyse dcr Ergebnissc zeigt, (lass die Hire I nllgcmcinmcn 
Unterachiede, die das Lcsen von objcklivcn Fragcn von clem Prnsnlciien 
unlerschciden, aind die nnnlytischere Hcihcnfolgc dcr Aiigcriliewcgiingcfi 
und die uiiffullcnde Veracbicdenhcil dcr Vcrfnhrcn, die bcim I, esc si der 
gebnueht yiwtAmi. W jedem FaW aber scWmi die Mtibodc. die 
fiir einen gewisaen Typos angcuommcn wird, dcr Siluniinn gecignei z.u 
aEjn, Dcnnocli bei steiigsn Ucbung mil Pros a beweist diese An Bcbeinbnrcn 
Wirlcungavollcn Vcrfabrens und aolcbc Soiulerziigc, wic Inngc J’ou.rcn bei 
Ergartzungen und daa Teillcaen der viclfncbcn VVnhl uild Analogicfragcn, 
daaa die oculomototiscbcn YorgUnge unicrKConbict und bieganm in ibrer 
Wirkung im Verglcich an den zentrnlen Vorgiingcn dcr Astimilniiun und 
Assozintscm sind. 
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I 


THE PROBLEM 
A, Introduction 

Constitution may be defined as the totality of indi¬ 
vidual physical characteristics. These characteristics, 
of course, vary tremendously, and there have been 
many attempts to introduce some order into this vari¬ 
ability by means of a classification into “types, 11 Prob¬ 
ably the first typology was that of Hippocrates, who 
spoke of a “habitus apoplecticus" and “habitus phthisi- 
cus," bodily constitutions which predisposed to circu¬ 
latory and respiratory diseases, respectively. Since 
his time there have been a great many other classifi¬ 
cations, for the most part inspired by a similar clinical 
interest, and in many cases leading to somewhat simi¬ 
lar conclusions. For historical reviews, see Weiden- 
reich (42), Wertheimer and Hesketh (44), and Sailer 
(33), 

Iii recent years the problem of constitutional types 
has become the concern of the psychologist, largely as 
the result of the work of Kretschmer (17, 18), who 
claims to have discovered an intimate relationship be¬ 
tween a certain type of physique and a certain type of 
mental disease. More specifically, he has suggested 
on the basis of a statistical study of clinical material 
that manic-depressive psychosis is likely to be found 
in association with the “pyknic” constitution, and schi¬ 
zophrenia or dementia praecox, with the “leptosome,” 
and somewhat less frequently, with the “athletic" and 
“dysplastic" make-up, 
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The constitutional type of an individual is recog¬ 
nized by n process of diagnosis in which tjualitative 
as well as quantitative observations play a part. An¬ 
thropometric measurement is nf course important, but 
it must be interpreted in relation to the whole consti¬ 
tution. When a subject is examined, says Kretschmer, 
“kein Haar auf scinem Haupt und koine Variantc 
seiner Nasenspitze ist uns glcichgultig 1 ' (17, p. +4). 
A lcptosomc, for example, is to he diagnosed not only 
by means of indices which take into account liis 
shoulder breadth or his chest circumference, but also 
by the fact that in lypical eases he has an angular pro¬ 
file, a long nose and a short chin, narrow, tapering 
hands and feet, etc. Not all leptosumes have all of 
these characteristics; the type is the perfect case, not 
the average, and the classification is determined not 
by the most frequent, hut by the most “beautiful' 1 ex¬ 
amples, “Daraus ergiebt sich, dass sich unscrc Typen- 
beschreibung, nicht nach den haufigsten, sondern nnch 
den schonsten Fallen richtet" (17, p. 16). The classi¬ 
cal cases are exceptions. 

This approach of Kretschmer’s makes it somewhat 
difficult to deal with hia material in strict statistical 
fashion, In general Jeptosomes and pyknics differ, 
but it may be possible for an individual to have some 
pyknic characteristics and yet be diagnosed a Icpto- 
some, As a result, a certain amount of subjectivity is 
introduced into the diagnosis, and it is not impossible 
that tvvo observers may classify the same individual 
somewhat differently, This situation is perhaps com¬ 
parable to the problem of diagnosing, let us say, a 
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case of appendicitis which does not show all the typi¬ 
cal or classical features; the diagnosis can usually be 
made, but with difficulty, and it not infrequently hap¬ 
pens that during the operation the infection is found 
not to reside in the appendix after all. Kretschmer’s 
clinical approach and his insistence on the “Gesamt- 
konstitution," the total constitutional picture, has made 
it extremely difficult to check his results by purely 
objective standards. 

Granting all this, the fact remains that Kretschmer's 
type theory has stimulated a great deal of study and 
research in Germany and other European countries, 
although it has had relatively little influence in 
America. His original application of the theory to 
psychotic conditions has been extended to include “nor¬ 
mal” or healthy individuals, and the methods of ex¬ 
perimental psychology have been employed by Kretsch¬ 
mer’s followers to justify this extension, The experi¬ 
ments are ingenious and the results striking, but there 
are important defects in the procedure, particularly 
in. the choice of subjects, and in the lack of adequate 
statistical controls, The present study is an attempt to 
discover whether these type differences still appear 
under more rigid experimental conditions. 

The leptosome habitus (formerly referred to as 
asthenic) is characterized by a deficiency in volume 
combined with relatively tall stature. The thorax is 
long and flat, the shoulders narrow and the trunk cy¬ 
lindrical. The legs and arms are long and thin, The 
facial profile is irregular, with a long nose and small 
chin. The pyknic has a thickset, barrel-shaped trunk, 
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a broad chest, and large body cavities, with a definite 
disposition to plumpness. The neck is short and full 
with the head set forward cm smoothly rounded shoul¬ 
ders, The hands are small and broad, with short 
fingers, the face is shaped like a pentagon, or shield, 
with a tendency toward a flat or concave profile. The 
athletic type has strongly developed bones and muscles, 
large shoulders and a tapering trunk, long limbs and 
large hands and feet. The face is described as an 
elongated egg form. The dysplmlit type is really a 
defective type, showing a lack of development in one 
or more organs of the body. 

Of these types the Icptosome and the pyknic appear 
to be most important, and will be referred in exclusively 
in what follows. They correspond very closely ui the 
constitutional types recognized and described by other 
investigators; for example, to Viola's mi nos pi an thine 
and macrosplonchnic ; Pendc's loiujilinnis ami hrevi- 
limits\ Stockard's linear and Intend] Wddctircieh’s 
Idptosome and eurysome, There seems an almost uni¬ 
versal tendency on the part of typologisis in distinguish 
between what Wcidcnrcich has called the lomj-lhin 
and the short-lhiek body types, and to look for their 
clinical or psychological correlates, 

Kretschmer's starting-point was his observation that 
there was a relation between constitutional type and 
two of the mast important diseases in the Kracpdiniaii 
classification, namely schizophrenia or dementia prnc- 
cox, and manic-depressive or circular insanity. In 
1921 (18) he reported that among 260 patients studied, 
70.3% of the schizophrenics were of Icptosome build, 
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and only 2.9% pyknic, while of the manic-depressive 
patients 84.7% were pyknic and only 10.6% lepto- 
soine. This finding stimulated a considerable amount 
of investigation in other laboratories, to such an ex¬ 
tent that in the 1931 edition of Korperbau und Ghar- 
akler (17) he was able to summarize the results of 
several investigators, including over 4000 cases, with 
the following results: 

Schizophrenic Manic-Depressive 


Pyknic und mixed pyknic 

12.8% 

66.7% 

Lcptosoine and ntliletic 

6(1.0 

23.6 

Dysplastic 

11.3 

0.+ 

Atypical 

9.9 

9.3 


Most of the studies in this field have confirmed 
Kretschmer's theory, but criticisms have by no means 
been wanting, [See especially Mollenhcff (24), Kolle 
(15, 16), Weidenreich (42), and Garvey (9)], These 
have centered mainly on the age factor (both pyknicity 
and manic-depressive insanity tend to be found rather 
late in life), social and economic factors (the lepto- 
some habitus and the schizothyine temperament may 
be relatively frequent in the more favorable and more 
“exclusive” environments), lack of normal controls 
(the proportion of physical types in schizophrenia 
appears to be very similar to that in the normal popu¬ 
lation), the subjectivity and the consequent probable 
bias inherent in the constitutional diagnosis, and the 
unsatisfactory nature of the JCraepelinian classification 
of the psychoses. 

Kretschmer believes that the correspondence between 
physique and character holds for normal and border¬ 
line, as well as for psychotic cases. The borderline 
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subjects, who may be regarded as pre-psych otic person¬ 
alities, fluctuate between health and disease, and can 
be studied in the ease histories of the early life of psy- 
chotics. They arc classified as cycloid and schizoid] 
the cycloids are usually pyknic, and the schizoids usu¬ 
ally feptosomc, Cycloids arc sociable, fond o( people, 
adaptable, realistic, practical. Even when they are 
unhappy, they like people about them to whom they 
can tell their troubles. They work hard, but are not 
especially ambitious. Schizoids on the other hand 
are not very sociable, or sociable only in small restricted 
circles. They are very difficult to know, because they 
live in themselves so much; they arc “avnistic, 11 They 
are exclusive and "aristocratic, 1 * even in peasant cir¬ 
cles; there is always a glass cage between them and 
the universe, 

The normal biotypes are the cycloihytiw and the 
schizothyme , again related to the pyknic and leptosnme 
physique respectively. There arc several subvarieties; 
the cyclothyme may be talkative and gay, or quietly 
humorous, or a comfortable Epicurean, or quietly 
friendly and sociable, or successful and practical. The 
schizothyme may be aristocratic and sensitive or dry 
and empty, an unworldly idealist or a cool masterful 
egoist, These two types differ not only in their social 
reactions, their choice of an occupation, their suscep¬ 
tibility to one or another form of maladjustment, but 
also m their behavior in the psychological laboratory.. 
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B. The Experimental Approach 

The experimental studies in this field, many of 
which were made by Kretschmer's students and asso¬ 
ciates in Germany, cover a wide range of psychologi¬ 
cal activities, and are regarded by Kretschmer as fur¬ 
nishing a valuable confirmation of his theory (see 17, 
39, 43). A brief summary follows. 

In perception span, for example, pyknics are superior 
to Ieptosomes, and circulars (manic-depressives) su¬ 
perior to schizophrenics. [Van der Horst (40), Voll- 
mer (19), Enke (3), Kibler (14)]. In a reaction time 
experiment, pyknics and cyclothymes are much more 
disturbed by distractions than are ieptosomes and schiz- 
othymes; for the former group there is a greater dif¬ 
ference between their reaction times with and without 
distraction. [Kibler (14), Van der Horst (40)]. 
These results would corroborate Kretschmer’s view that 
pyknics and circulars are more objective, and more 
attentive to external stimuli. 

Leptosomes excel in “Spaltungsfahigkeit” or “cleav¬ 
age capacity,” the capacity to split the stream of con¬ 
sciousness so that parts of it function separately (al¬ 
though simultaneously) and for disparate purposes 
[See Kretschmer (17)]. They can “abstract” better. 

When Kibler (14) exposed tachistoscopically cards 
containing colored nonsense syllables in varying posi¬ 
tions, and asked his subjects to note the color and posi¬ 
tion, the Ieptosomes were much more successful, al¬ 
though the pyknics remembered more about those ele¬ 
ments which they were not asked to remember. They 
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showed more “incidental memory,hui were less suc¬ 
cessful in “abstraction," in the orderly separation of 
elements, Enkc (3) measured S|v,iIuinj^sfuliigkeit M 

by presenting to Ilia subjects a series of colored squares, 
with directions to count in passing the number of 
squares of each color in the series. The task required 
the ability to keep the separate impressions distinct 
from each other, and the lepinsnmes were again su¬ 
perior, This result was corroborated by Knkc and 
Heising (6), Enkc (3) studied this same cleavage 
phenomenon by another method. He exposed inch is- 
toscopically very long, hybrid words (for example, 
‘'Badevereinsmarke"), each word exposed ten limes 
for .3 of a second each time, the subjects being in¬ 
structed to report what they saw after each exposure. 
Leptosomes tended to reconstruct the word in an analy¬ 
tical, systematic manner, building it up letter by letter 
with each successive exposure. Pyknics responded 
synthetically, obtaining a general impression of the 
word, and correcting this impression after subsequent 
exposures, They made many more mistakes than did 
the leptosomes, who were more orderly, and who ab¬ 
stracted better from the total exposure the elements for 
which they were to look. [See also Lutz (19), VolL 
mer (19)]. 

Pyknics arc more sensitive to colors, leptosomes to 
forms. Scholl (35) found that when be showed a 
colored figure to his subjects, and asked them to pick 
this figure out of a larger group of various colors and 
forms, schizoids tended to identify the figure according 
to its form, cycloids according to its color, finite (3), 
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Dambach (19), and Lutz (19) found these differences 
to hold for pyknics and leptosomes. Pyknics also have 
a greater capacity for color blending; when red and 
green discs are combined on a color wheel, flicker dis¬ 
appears sooner, and grey appears more quickly, in the 
case of the pyknic observers, leptosomcs requiring a 
faster rate of revolution. [Van der Horst (40), Wiers- 
ma (46), Kibler (14)]. 

The greater color reactivity of the pyknics also plays 
a part in their responses in the Rorschach test (32). 
This test, consisting of a series of irregularly-formed 
ink blots, some of them in color, has been used by psy¬ 
chiatrists as a personality test, on the theory that the 
responses reflect the interest and the mental organiza¬ 
tion of the subject. Rorschach gives instructions for 
diagnosing extravert (“extratensiv”) and introvert 
("intratensiv”) personalities on the basis of the re¬ 
sponses, color responses in general suggesting extra¬ 
version, movement responses introversion. Munz 
(25) found that pyknics gave more color responses, 
responded more to brightness qualities, to objects and 
landscapes, and gave more “total" responses, i.e., to 
the whole figure at once. Leptosomes gave more move¬ 
ment responses—faces, dancers, dream-figures, unreal 
objects—and many more "detail” responses, i.e., to one 
part of the ink-blot at a time. There were.more “extra- 
verts” among the pyknics, and more “introverts” among 
the leptosomes. Enke (2) obtained substantially the 
same results. 

Personality differences have also been studied by 
means of a self-diagnosis by pyknics and leptosomes 
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[Van der Horst (40)> Kiblcr (14)]. The subjects 
were given two lists of characteristics in choose from, 
one list based on Kretschmer's description of the cyclo- 
thyme, the other on that of the schizmhyme, and were 
asked to choose the list which described them more 
accurately. Almost nil the pyknics chose the cyclo¬ 
thyme list, and the large majority of Icptosumcs chose 
the sell izo thy me list. 

In this country Nacearaii ami Garrett (27) found 
a slight positive relationship between inaerosplanehny 
(roughly identical with “pyknicily") and emotional 
instability as measured by the Woodworth Personal 
Data sheet. A follow-up study by Garreu and Kel¬ 
logg (8) failed, however, to corroborate this finding. 

The word-association test shows a greater tendency 
for leptosoincs to give meaningless associations, or as¬ 
sociations difficult for the experimenter to understand 
(autism?), while pyknics give rather more predicative 
or “feeling" associations, Leptosoincs tend to per- 
severate, frequently giving the same response to dis¬ 
similar words [Van der Horst (40), Bayer (19)]. 
They appear to have their thought processes concen¬ 
trated around a central point, while the pyknics have 
true “chain" associations. Murphy (26), however, 
failed to find any clear differentiation in the types of 
word association given by manic-depressives and 
schizophrenics. 

Studying “affectivity" by means of the psychogal¬ 
vanic reflex, Enkc (5) found that when the subjects 
were first placed in the experimental situation it took 
a longer time for leptosomes to reach a “resting" level. 
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Leptosomes also reacted more violently to a variety of 
sensory stimuli (i.e., odors and loud sounds), and 
when engaged in mental work (arithmetic), but pyk- 
nics showed more marked responses to pain stimuli, 
Enke says this indicates the greater sensitivity of pyk- 
nics to ‘‘vital feeling" as against the insensitivity of 
schizoids (cp. catatonic symptoms in schizophrenia), 

On the motor side, leptosomes tap faster when told 
to tap at their natural or most comfortable rate [Van 
der Horst (40), Enke (4)]. In motor activities in 
which many muscles come into play, pyknics are su¬ 
perior; their movements are more rounded and flowing 
[Enke (4), Oseretsky (28), Ossipowa and Ssucharewa 
(29)]. Very fine and delicate movements are, how¬ 
ever, carried out better by leptosomes. Fatigue comes 
on gradually in the case of pyknics, suddenly in that 
of leptosomes. The handwriting of the two groups 
also differs [Jislin (12), Haarer (10)]. Pyknics 
write a flowing hand, the letters connected, the writing 
straight and of medium height, the letters very similar 
to each other; there is a similarity in the writing of 
most pyknics. Leptosomes differ much more from each 
other, but their writing is usually angular, with uni¬ 
form pressure, the letters often separated, the writing 
frequently infantile and uncertain, with many stereo¬ 
typed curves and figures. 

As far as intelligence is concerned, Kretschmer does 
not lay any stress on possible differences between con¬ 
stitutional types. Naccarati (27), however, suggested 
that intelligence was slightly but positively correlated 
with microsplanchny (corresponding to the leptosome 
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habitus, but Garrett and Kellogg (8) repealed the 
study with negative results. Mohr and Gimdlaeh 
(23), in ft study made at Joliet prison, found lepto¬ 
somes to be superior to pyknics in Army Alpha, but 
this may be accounted for by a difference in the back¬ 
ground of the two groups, it may he added that their 
other tests tended on the whole to corroborate the find¬ 
ings of the German investigators, but the differences 
were small, and the relationship between physique 
and "temperament 11 at best a slight one. 

The more important general conclusions arrived at 
by the German investigators may be summarized as 
follows. Pyknics (cyclothymes) as contrasted with 
leptosomes (schizothymes) have a greater perception 
span, are more distraciible, have less power to ab¬ 
stract, less "cleavage capacity" or “S pal lungs fiihig- 
keit,” better incidental memory, respond “syntheti¬ 
cally” (leptosomes "analytically") in the ease of a 
difficult perception, are more sensitive to colors (lep¬ 
tosomes to forms), sec colors as blends more quickly, 
respond as "extraverts" to the Rorschach lest (lepto¬ 
somes, "introverts"), diagnose themselves as cyclo¬ 
thyme (leptosomes, schizothyme), give mure chain 
associations in the word association test (leptosomes 
more perseveration and more meaningless associa¬ 
tions), show less marked psychogalvanic reactions ex¬ 
cept to pain stimuli, and are superior in motor tasks 
except those which require fine and delicate move¬ 
ments. The handwriting differences are not clear, and 
the differences in intelligence negligible. 
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G, Criticisms of Types 

Kretschmer’s theory of types is important precisely 
because it is a theory. It offers highly interesting and 
challenging suggestions for the study of the organiza¬ 
tion of mental and emotional activities along causal 
lines, in contrast with the prevailing more random and 
empirical procedures. It also offers the hope of a 
systematic account of individual differences and of the 
relation between mental traits. In spite of this, the 
theory has been relatively neglected by American psy¬ 
chologists. 

The reasons for this neglect are not hard to find. 
Kretschmer’s theory of types—and for that matter every 
type theory—is the outgrowth of qualitative analysis; 
although it supplements its assertions by experiments, 
these are considered secondary and supplementary to 
the main thesis. 

Mental measurement in America, on the other hand, 
has traditionally stressed the quantitative and statisti¬ 
cal approach to the problems of individual and group 
differences. In addition, however, to the differences 
in intellectual and historical backgrounds prompting 
these two "types” of approach, there is a more specific 
reason for the distrust of type psychologies in America. 
The reason is an empirical one. Quantitative measure¬ 
ment, and specifically the normal distribution of abil¬ 
ities, is held to have furnished definite proof of the 
presence of one type, namely the average, whereas 
type psychologies seem to single out a few extreme and 
rare cases, emphasize their contrasts, and arbitrarily 
constitute them into types. 
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A dearer understanding of the objection to type 
theories may be obtained through a detailed analysis 
of a representative anti comprehensive criticism. Prob¬ 
ably the best and most influential of these criticisms 
is that of Thorndike, vigorously elaborated in his 
Educational Psychology (38). Thorndike asserts 
that type formulations arc in conflict with experimental 
evidence on the following grounds: 

(1) Differences In ability grade inlii each other con¬ 
tinuously. 

(2) Only one central tendency is generally found in 
distributions of performance scores. On the oilier limiil, 
no single tendency would be present with more than one 

type. 

(3) Multi-type theories imply the existence til multi¬ 
modal distributions. No such distributions have been satis- 

• fiictorily demonstrated. 

(4) "Pure'’ types are rare. They arc extreme mid 
atypical members of their groups, and more plausibly lu lie 
conceived as deviates from the norm. The criticism is here 
implied that conclusions based on “pure" types cnuhl nut be 
generalized to the bulk of the population. 

(5) Negative correlations between mental trails are 
i relatively rare. They arc demanded in type theories. 

As one considers the various objections marshalled 
against multitype theories the interesting situation is 
presented in which the critics ignore the assumptions 
on which type theories are based. This seems to be 
the clue to the understanding of type criticisms. The 
types that are attacked are statistical types, but type 
concepts are not statistical: they arc neither contra¬ 
dicted by the presence of normal distributions of ability 
nor do they require multimodal distributions, 

The confusion seems to be produced by the imac- 
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knciwledged conversion of the central tendency from 
a statistical reference point into an experimental ref¬ 
erence point, It is undoubtedly convenient to treat 
all points on a curve of ability as deviations from the 
mean. It may be equally convenient and “true/’ when 
the purpose is scientific explanation, to regard the cen¬ 
tral tendency as a deviation from both extremes, This 
is precisely what the geneticist does when he explains 
his “mixed” and numerically preponderant mongrel 
groups in terms of extremes of “pure” and rare types. 

That the notion of a single type is an inference from 
the fact of normal distributions of ability is recognized 
at one point by Thorndike, as is evident in the follow¬ 
ing statement: “By the theory of a single type, one 
make-up can be conceived such that from it all indi¬ 
viduals would differ less than they would from any 
other make-up, and such that the greater the diver¬ 
gence, the rarer they would be." This statement is a 
powerful argument for a single-type theory of mental 
abilities, Thorndike believes, however, that this is the 
only possible inference, for he goes on to say that “by 
the theory of multiple types, no such single true cen¬ 
tral tendency would exist.” 

We cannot agree with the latter statement, for as 
has been indicated above, “pure” types may in succes¬ 
sive generations act so as to produce a numerically 
preponderant central tendency. It seems clear, there¬ 
fore, that the fact of the normal distribution of ability 
(or the absence of multimodal distributions), the pres¬ 
ence of single central tendencies, and the rarity of ex¬ 
treme cases are not conclusive objections to multiple- 
type theories. 
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Up to this point our considerations have centered on 
the distributions of single abilities. Type theories arc, 
however, fundamentally theories of the orffttnisuition of 
mental abilities, and the term type refers- to a necessary, 
or causally connected, organization between different 
traits, It is by examining the relationships between 
abilities that we may be able to state the conditions 
which a theory of types must meet if it is to be scien¬ 
tifically established. 

What lends distinctiveness tri a theory of types is not 
the assertion that type A differs from type if in func¬ 
tion A'. The differences between the types arc general 
and extend over a wide range of mental activities. 
Thus, type A may be superior in functions X and 7, 
inferior in function Z } etc. On the basis of these state¬ 
ments, we may indicate one preliminary condition for 
the proof of a type theory: the functions which distin¬ 
guish between two types must conform to the statisti¬ 
cal requirements of a menial trail , or group far lor, 
The proof of a group factor has been stated by Kelley 
(13). It consists of the demonstration of a central bond 
that relates the abilities in question, and is independent 
of other abilities or traits. 

Group factors do not, however, establish the pres¬ 
ence of types. It is the assumption of all correlational 
studies that the results they find are true of their groups 
as a whole. It is the assumption of group-factor studies 
that their results would remain unaltered (apart from 
the influence of the number of cases and of chance 
errors of sampling) if they were based upon any por¬ 
tion of their group selected by means of an external 
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criterion (such as physique), It is here that the dif¬ 
ferences between group factors and types become ap¬ 
parent. For according to the theory of types, correla¬ 
tional results will change radically with the change in 
the composition of the groups. Suppose that type A 
is superior to type B in functions X and Y. Then a 
correlation between X and Y obtained with a popula¬ 
tion composed of both types is bound to be high and 
positive. Conversely, suppose that type A is superior 
to type B in function X and inferior to type B in func¬ 
tion Z. The correlation between X and Z, when based 
on a population consisting of both types, will be high 
and negative. Both correlations will become, how¬ 
ever, drastically reduced when the population consists 
of only one type, We are now ready to state the neces¬ 
sary condition for the proof of the presence of types; 
the correlations between abilities within a single type 
must be significantly smaller than the correlations be¬ 
tween abilities for both types taken together, 

In this connection, the criticism advanced by Thorn¬ 
dike and others concerning the relative absence of nega¬ 
tive correlations becomes important, A type theory 
seems to demand negative correlations between func¬ 
tions, when one type is superior in one function and 
inferior in the other. This criticism is significant. The 
qualification should be made, however, that the possi¬ 
bility of negative correlations has not been disproven 
and that type theories deserve attention, if for no other 
reason, because they might suggest the locus of such 
negative relationships. 

It has been the purpose of this discussion to show that 
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the concept of types can he placed on a sound scientific 
footing and that strict conditions for its proof may be 
developed, We have tried to show that both the con¬ 
cept of a single and of multiple types arc inferences 
from the facts of measurement, and that both arc plaus¬ 
ible scientific hypotheses. It has been our hope to 
conciliate two divergent lines of thought, first by estab¬ 
lishing the claim of the concept of types to a position 
of importance, and then by pointing out that its final 
verification can be accomplished only by the use of 
quantitative and statistical methods. 



11 


THE FIRST STUDY 
A, Procedure 

1. The Subjects, The necessity for a considerable 
degree of homogeneity with regard to age, sex, race, 
educational and social background for subjects in a 
type study will become apparent in subsequent discus¬ 
sion. The subjects of this study met the conditions of 
homogenity in a highly satisfactory manner. They 
were selected from a group of 1 S3 students in a course 
in general psychology, in Brooklyn College. All the 
subjects were males, All, with the exception of 4, were 
Jewish, Their average age was 19 years and 9 months, 
with a standard deviation of 17 months. The great 
majority had received their education in the school 
system of New York City, In addition, they were rela¬ 
tively homogeneous with regard to occupational back¬ 
ground. Approximately 75% of the subjects came 
from homes of shopkeepers, merchants, salesmen, etc,, 
while the bulk of the remainder had parents who were 
skilled laborers. The reader will find more detailed 
descriptions of the background of groups from the 
same college system in the studies of Schneck (34), 
Anastasi (1), and Smith (36). 

2. Physical Measurements. The first task was to 
select accurately subjects for the leptosome and pyknic 
categories. No completely satisfactory method exists 
for such classification. The important difficulty is the 
fact upon which all investigators in this field agree— 
that there are large numbers of individuals who possess 

[163] 
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traits credited to both type?. Thus Kretschmer is very 
frequently led to speak of individuals whu are "pre¬ 
dominantly" Icptosomc w pyknic. To use his own 
words, "we could reel off here, ami with other types, 
innumerable mixtures of such a kind: there is abso¬ 
lutely no single criterion which cannot be varied by 
and combined with marks of another type," This sit¬ 
uation was fully confirmed with our subjects. It is 
apparent therefore that separation of subjects into phy¬ 
sical groups must be empirical and 10 some extent arbi¬ 
trary, pending the development of nunc reliable norms 
than we now possess. 

The physical traits measured were the following: 
standing height, sitting height, weight, shoulder 
breadth, and chest circumference. All measurements 
were taken in accordance with the. standard procedures 
described by Martin (22). The chest circumference 
was measured with a cm. steel tape; the shoulder 
breadth was measured with a large pair of calipers. 

On the basis of these measures, a number of indices 
were computed which have been used in the past by a 
large number of investigators, to differentiate between 
the physical categories. These were as follows: 


(1) 

(2) 
( 3 ) 

W 


Standing Height (in cma) 
Weight (in kgs.) 

Standing Ht, (in cma) 

Silting Ht (In tins) 

(Standing lit,) 9 
Silling lit. X Weight 
Plgnet Index w (Weight -f 


(5) Clicu — Shoulder Index ~ 


Client CiruimfcreiiKt) 
Shoulder Uremia, 


Height 


Chest Circumference 
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In view of the absence of clear-cut criteria, three 
different procedures were employed to separate the 
subjects into the main physical groups. 

The first method of classification consisted of the 
experimenter’s estimate or “diagnosis” of the subject's 
physique, based on general appearance, All estimates 
were made with the subjects completely stripped, 
These estimates were arrived at before objective meas¬ 
urements were taken and may consequently be re¬ 
garded as independent of the objective measurements, 
The experimenter’s estimate took into account not only 
the impression produced by the relationships of the 
physical features, but also included a set of features 
not readily accessible to quantitative measurement, but 
regarded by Kretschmer as having diagnostic signifi¬ 
cance, such as the contour of the face and neck, the 
firmness of the musculature, the amount of adiposity, 
the shape of the hands and feet, the color and turgor 
of the skin, etc. This method we will designate as 
the method of Diagnosis, 

The distributions of the physical measures of the 
leptosomes and pyknics, as classified by the method of 
diagnosis, showed large non-overlapping areas which 
diverged from each other in the expected directions. 
These distributions served as the starting point for the 
second mode of classification, i.e tJ the method of In¬ 
dices. The boundaries of the intermediate areas 
where most overlapping occurred were adopted as the 
limiting values for inclusion in one of the two cate¬ 
gories. All values of an index above one boundary 
were regarded as characteristic of one physical group, 
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while all values below ihc other boundary indicated 
membership in the other group, Subjects falling 
within the intermediate zone were regarded as 
"doubtful 1 * and were eliminated from this study, When 
all of the significant index scores of a subject placed 
him with one group he was included in that group, 
This procedure eliminated practically all overlapping 
between the distributions of the important: indices for 
the leptosomes and pyknics. 

While the agreement between the classifications of 
the two above-mentioned methods was very close, it 
was not perfect. Wc therefore adopted a third method 
of classification, by the formation of a third group con¬ 
sisting of only those subjects who were classified in the 
same way by both the indices and the experimenter's 
estimate. This classification is presumably more accu¬ 
rate than either of the other two in which the criteria 
were cither the objective measures alone, or the ex¬ 
perimenter's estimate alone. Wc will designate this 
procedure as the method of Indices and Diagnosis, 
Subsequent comparisons of the performances of lepto¬ 
somes and pyknics will be made separately for each of 
these three methods of classification. 

3, The Tests, In our selection of tests for this in¬ 
vestigation, we were guided primarily by the attempt 
to measure those functions which arc regarded by the 
German investigators as differentiating the lepto- 
some and pyknic types. The following tests were 
given: 

The Otis Self-dthiihislcring Test o( Menial Ability \vns given 
under r time limit of 20 minutes, This test was included not for the 
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purpose of discovering possible differences between the Ieptosome 
and pyknic groups—for all the relevant evidence indicates the un¬ 
likelihood of such si result (17), but rather to make certain that the 
two groups were equated in intellectual level. If any significant 
differences were Inter found with other tests, it would have been 
possible to rule out tile factor of intelligence as an explanation. 

Lccky Individuality Record. This inventory, constructed by 
Lecky (21), consists of 160 questions, attempting to measure the 
subject's general attitude toward a number of social and personal 
problems. In a recent study by Pallister (30) this test was reported 
to show a general factor, indicative of a negative or withdrawal 
attitude. The strength af this factor is very highly correlated with 
the total raw score. The test is divided into eight categories, desig¬ 
nated as optimism, habits, nervousness, social adjustment, coopera¬ 
tion, physical well-being, sex attitudes, attitudes toward the family. 
In addition to the total score, a score of unevenness or inconsistency 
was obtained. This measure was determined by subtracting from 
the average score (the total score divided by 6) the scores for each 
of the eight component parts of the test, and adding the resulting 
deviations. 

General Information. This was a test of general information, 
devised to measure the extent and uniformity of the subject's ac¬ 
quaintance with a set of facts drawn from 13 different fields of sub¬ 
ject matter. The materials for this test were partly taken from 
existing achievement tests and partly made up by the authors. The 
total score was taken as a measure of the extent of information, 
while die unevenness of the scores was calculated in the same way 
ns the unevenness on the Lccky Individuality Record. The test 
consisted of 130 questions. No time limit was set for this test. 

Digit Memory Span. Two forms of this test were presented; 
one using the visual method, the second, the auditory method. The 
number of digits read ranged from 4 to 13, one second being allowed 
for the reading of each number or for its presentation. Four forms 
of each test were presented, The score was the average memory 
span. It will be observed that the auditory method involves the 
successive presentation of single numbers, while the visual method 
involves the simultaneous presentation of all the numbers, The pur¬ 
pose was to find whether the relative position of two groups would 
shift at all as the method of presentation was varied. 
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SpohungiftihigkfU Tell or icsl of "cleavage capacity." The pur* 
pose ol this measure, and of those to he MilHtfpirntly described, wits 
to compare by means of a variety cif materia!*, ihr ability of the hvo 
groups to respond to a large number of stimuli presented simul¬ 
taneously or successively. According to Kretschmer, the leptotomw 
are characteristically superior ami the pyknic* continently inferior 
in the performance of such tasks. That this capacity for responding 
to a multiplicity of I actors within a single Mtiutivm marks f he lunth- 
mental difference between the types is indicated in the following 
statement from Kretschmer: 

It li an elementary fact of coruiituiion, and in, for example, 
much greater among individuals of Icpioinmaiie bodily build, 
ihnn in those of pyknic physique, whatever the cxpciimtnial 
aituation may be. This cleavage capacity it a rout character¬ 
istic to which we can trace back a whole wriei of complicated 
mental properties which arc of fundamental tignificance in 
dlfiertrnjming type* of personality and ability, both with normal 
people and those hearing the "tamp of geniur. Such menial 
characteristics are: the inclination to abstract or in concrete 
thinking, (he tendency (a analysis sir synthesis in lemoning and 
perception; and, in the aflcciivc lift, the tendency, or the 
ahiencc thereof, to build up emotionally-toned complexes. 

(18, PP. SO-Jl) 

Each trial of the "cleavage capacity" ie*t consisted of a group ol 
letters read to the subjects, each letter being repeated once or more 
than once during the reading (c.g,, a-h-b-a-a-h-). The readings 
were recorded on a phonograph record observing an interval of twn 
seconds between successive letters. The puhjccls were instructed to 
record after the total presentation, oil appropriately prepared answer 
sheets, the number of times each letter was repealed. They were 
strongly cautioned to avoid counting with any prut nf the hotly 1 
and in general, to make no use of any "external" aids. The test 
was varied according to the number of different letters employed in 
a single reading and according to the length nf cadi reading. The 
number of different letters read varied from 2 to -I- 
D-K-R-T), while the total number of letters read varied from 6 to 
22. A similar procedure was followed in rim prcscniaiion nf lists of 

3 The records of four subject) who were observed malting one of aid), 
sucli as uiuniuvg with the (wfcen, etc, vfeie eVmrintned. 
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numbers. The different numbers read were 1-2; 3-5-7 ; and 4-6-S-9. 
The length of the lists varied, again, from 6 to 22. The scores were 
stated in terms of errors, and errors were expressed in terms of the 
difference between the actual number of readings of each letter and 
the reported number of readings. 

Cancellation of Letters. These tests consisted of mimeographed 
sheets of unrelated letters. The instructions to the subjects were to 
cancel given letters as rapidly as given compatible with maximum ac¬ 
curacy. The length of each trial was 1 minute; the interval between 
trials was 30 seconds. After a preliminary set of 5 trials in the 
cancellation of o's, designed to equalize some of the general differ¬ 
ences in past experience and in the adjustment to the task, the 
following tasks were presented: the cancellation of letters B-R; 
D-K-S; F-M-Q-X ; C-H-P-T-Z. The tests became increasingly 
more difficult as the number of letters to be cancelled increased. 

Cancellation of ’Numbers, A similar procedure was followed with 
a set of tests involving the cancellation of numbers. There were 
four trials in the cancellation of each of the following groups of 
numbers; 1-2 ; 3-5-7; 2-4-6-S . The tasks were rotated, and here 
too they were preceded by five preliminary trials in the cancellation 
of O's. The purpose, again, was to find, first, whether the groups 
differed on any of the tests and, second, whether the relative stand¬ 
ing of the groups would shift as the number of items to be cancelled 
during any single trial was increased. 

A Test of Incidental Memory. The subjects were presented with 
a connected but unfamiliar English passage dealing with the social 
life of the Eskimo. They were under instructions to underline all 
words containing one or more a's. As soon as a subject completed 
a task, his time was recorded and he was given a list of 100 questions 
based on the content of the passage. Each question could be answered 
in three different ways; as true, false, or uncertain. Scores were 
expressed in terms of the number of right answers and of wrong 
answers, 

This test, which has generally been used to measure 'logical' mem¬ 
ory, or memory for ideas, has not been administered before in this 
way. It was included in this series in order to test individual 
memory as well as to determine whether there were any differences 
between the constitutional groups in their ability to perforin the 
given task without being distracted by die surrounding meaningful 
material. 

All the above eight tests were administered in groups of approxi¬ 
mately 20. 
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B. Results 

1, Physical Results, The results obtained with the 
physical measures, including the averages, standard 
deviations, and the reliability of differences between 
the pyknic and lcptosonic groups, arc presented in 
Tables 1, 2, and 3, Reliable differences between the 

TABLE 1 


Means, Standard Deviations, and Reliability op Dipfkrbnces 
of Physical Measures or Leptosomh anu Pyknic Groups 
when Shlbcteu on tiih Basis op Experimenter's Diagnosis 


Measure 

LtflUiwunc* 

Pykmt M 

lliflai- 

enre 

D/<m! 

Height: standing 

171.24 ± j.36 

168.72± $.12 

4.$2 

4,30 

Height: lilting 

M. 16 * in 

ER.7CI± 3.42 

1.16 

2.44 

\Veight 

6J.2<1± b-H 

69.122bl0.lfi 

5.92 

3.13 

Shoulder breadth 

38.21:4: l.fio 

J7.22± 1.91 

I. (II 

2.73 

Chen circumfcrencfl 

90.19* 4.83 

94.M± 5 75 

3.96 

3.67 

Si. Height X 100 

277.I0±2J.$5 

3S2.22±29.35 

24.8H 

4.J6 

Weight 

Si. Height X LOO 


I92.1B± 5.16 

IS9,JS± 4.99 

2.73 

2,76 

Sin, lit. 

Pig tut Index 

+ I9.1Q* 9.10 

•H. 10 * 11 .IS 

IS.10 

7.41 

St. Ht. Si. Hi, 

—- X - 

X 1D0 S32.1 ±49.80 

4 67.00 ±5 MU 

65.10 

6.07 

Wt. Sia. Hi 

Chest-Shoulder Index 

421.1 ±20.30 

403.2 ±17.1(1 

17.9 

4.86 


*N=70 

•*N=40 


two group9 have been found, for each of the three 
methods of classification, in the following measures 
and indices: weight, chest circumference, height- 
weight ratio, the Pignet index, the chest-shoulder in- 

dex, and the index 

weight X sitting height 

The large differences between the two groups in 
weight and chest circumference are in accordance with 
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TABLE 2 


Means, Standard Deviations, and Reliability of Differences 
of Physical Mbasures of Leptosqme and Pyknic Subjects 
Selected by Objective Indices Alone 


Measure 

Leptosome* 

Pyknic** 

Differ¬ 

ence 

D/ffd 

Height; standing 

170,96± 5,89 

171.52± 6,40 

.56 

0.50 

Height: sitting 

B9.32± 2.6+ 

90,30± 2.95 

.9 B 

1.92 

Weight 

5B.8++ 4.00 

71.B0± 6.55 

12.96 

13.09 

Shoulder breadth 

37.78-*- 1.73 

38.55± 3.77 

.77 

2,41 

Chest circumference 

BB.01+ 3,51 

95.51 + 5.9+ 

7.50 

B.43 

Height X 100 


291.35-1-15,9 

23 9.75 -*“19*50 

51.60 

15.78 

Weight 

Standing Ht. X 100 


192,01-1- 4.B0 

19Q.20± 4.B3 

1.B1 

2.06 

Sitting Ht. 

Pignet index 

-4-2+ 90-*- 4,75 

+3,S5± 8.40 

21.05 

16.B+ 

Ht, St, Ht. 

-x-x ioo 

560.60+35,40 

453.50-i-36.90 

107.10 

16,11 

Wt. Sitt. Ht. 

Chest-Shoulder index 

430.3 ±20,30 

404.7 ±18,10 

25.6 

7,23 


*N=5B 

**N=60 


TABLE 3 

Moans, Standard Deviations, and Reliability of Differences 
of Physical Measures of Leptosome and Pyknic Groups 
■when Selected by Indices and Diagnosis 


Measure 

Leptosome* 

Pyknic*" 

Differ¬ 

ence 

D/<rd 

Height; standing 

372.36+ J,6D 

168.80+ 5.72 

3,56 

2.41 

Height: sitting 

B9.82± 2,96 

89.40± 3.36 

0.42 

0.57 

Weight 

59.4C± 4.00 

72,92± 8,80 

13,52 

7.91 

Shoulder breadth 

37,91-*- 1,74 

38.53+ 1.76 

0.62 

1.89 

Chest circumference 

83.40+ 3,36 

96.20+ 4.62 

7.80 

7,96 

St. Height X 100 


29C.60+16.BC 

235,55+21,45 

55.05 

11.B9 

Weight 

St, Height X 100 


192.73+ 5.19 

189.61+ 4,68 

3.12 

2.74 

Sitt, Height 

Pignet index 

+22.75+ 5.55 

—0.15+ 9.30 

22.90 

12.12 

Ht, St. Ht. 

-X-X 100 

559.40+35,70 

442.10+36.00 

117,30 

13.93 

Wt. Sitt, Ht. 

Cheat-Shoulder index 

429,1 ±17.80 

401.3 +17,60 

27.B 

6,70 


»N=46 

•*N=30 
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the general trend of previous results. [Kretschmer, 
(17, 18), Van dcr Horst (40), Mohr and Gundlach 
(23), etc,]. Of special interest are the large index- 
value differences between the groups, since they repre¬ 
sent relationships between the physical measures. The 
height-weight ratio, which differentiates significantly 
between the two groups, is an important though simple 
index, Mohr and Gundlach (23) report a correla¬ 
tion between it and a much more comprehensive index, 
namely 

chest circ, -h abdomen circ. T hip circ. 4- weight 
height 

of +.865 for 174 male cases. There was also a cor¬ 
relation of +92=fc.009 between the same index and 
the height-weight ratio for 423 women college students. 

The Pignet index has differentiated nur groups 
most clearly. This finding is in agreement with that 
of Farr (7) who found this to be the best nf 75 dif¬ 
ferent indices, and who also reports that it correlated 
best with total objective measurements and general 
impressions derived from special X-ray and clinical 
examinations. Of the remaining indices, the chest- 


shoulder index and the 


(standing height)* 


- index 


sitting height x weight 
have also been valid for the separation of types. 

It is of particular interest to note the general agree¬ 
ment of the results obtained with the 3 different pro¬ 
cedures. In view of the correspondence of the results 
of the three methods, it seems reasonable to conclude 
that they confirm each other’s validity. 



TABLE 4 

Average Measurements of Leptosome and Pyknic Groups (Weight in Kgs.; Other 
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Comparisons with results r,f other investsfjtil/irs. It 
is important, in studies of this kind, to compare the 
obtained norms with those given by oilier investigators 
for other groups, We arc therefore presenting in 
Table 4 a few comparisons in the measures on which 
the most important indices were based. It will be ob¬ 
served that there is considerable agreement between 
the means and standard deviations of the measures of 
the present and other groups. 

Westphal, a co-worker of Kretschmer, has published 
in a recent study (45) norms lor a number of indices 
based on 439 “pure" physical types selected from 702 
men. For these the author gives the curves of distri¬ 
bution and the ranges of the indices. The correspond¬ 
ence between Westphal** values and ours for the most 
important index, the Pignet, is very close, as is apparent 
from a comparison of the respective ranges. This is 
true despite the fact that the figures of Westphal refer 
rather to the most frequent range, excluding extremes, 
while our range values represent the difference between 
minimum and maximum measures. Westphal finds 
that the range of the pyknics on the Pignet index ex¬ 
tends from —10 to -4-20; our range for pyknics is from 
—15 to -{-12. The leptosonie range is, according to 
Westphal, from +10 to +30; our leptosome range ex¬ 
tends from +17 to +35, Similarly, close agreement 
exists between Westphal’s norms for the chest-shoulder 
index and our norms, 

2, Correlations between Physical Measures, Evi¬ 
dence of a somewhat different character showing the 
possibility of classifying considerable numbers of in- 
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dividuals as leptosomes or pyknics is furnished by the 
size of the intercorrelations between some of the physi¬ 
cal measures and indices, These are presented in 
Table 5. It is noteworthy that our important indices 


TABLE 5 

Intercorrelations between Physical Measures (N = 140) 




Chest 




Pignct 

circum¬ 

Height/ 

Standing 


index 

ference 

Weight 

height 

Chest-Shoulder 

-(-,514 


+ .430 


index 

±.042 


±.047 


Height/Wcight 

(Sitting height) 3 

Weight X Sitt. lit. 
Sitting height 

+ .BB40 
±.012 

—.7734 
± .023 


+.6739 

±.031 


show significant correlations with each other (in ac¬ 
cordance with the general trend of biometric results), 
thus pointing to marked relationships among physical 
traits as a basis for classification of physiques. This 
finding is in striking contrast to the absence of similar 
correlations (to be presented shortly) between the 
mental test scores of this study. 

We conclude, as a result of the foregoing discus¬ 
sion, that (a) our physical measures are representa¬ 
tive of the population from which our group was 
chosen; ( b) that the relationships between the measures 
conform closely to those generally found for groups of 
college students; (c) that the separation of the subjects 
into two physical categories is valid, in view of the gen¬ 
eral agreement between our results and those of other 
type studies; (</) that the validity of the classification 
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is confirmed by the close Agreement between three dif¬ 
ferent methods of selection; and (c) tint the obtained 
significant correlations between measures and indices 
lend additional support to the practicability of divid¬ 
ing subjects into different physical categories. 

3. Mental Performances. In the analysis of the 
results three separate comparisons between the pyknic 
and leptosome groups were made in accordance with 
the three methods of classification used. In each case 
the averages and standard deviations were computed, 
and the significance of the differences between the aver¬ 
ages was determined, 

The results are presented in Tables 6, 7, and 8 and 
are consistent and unambiguous. As an illustration of 
our findings, we present in Figures I anil 2 the distri¬ 
butions for a group of leptosome and pyknic subjects 
on a physical and mental test. There is practically no 
overlapping on the physical measure, the Pignct in¬ 
dex, while the overlapping on the cancellation test is 
all but complete. This illustration is characteristic of 
the trend of our results. They show the absence of 
any significant differences between the two groups on 
any of the mental tests, for each of the methods of clas¬ 
sification used. They fail to confirm, within the limits 
of the present investigation, the findings of Kretschmer 
regarding type differences on the mental side. 

The same conclusions arc furnished by a somewhat 
different treatment of the results, namely, the correla¬ 
tions between some of the physical indices and some of 
the mental performance scores. These are presented in 
Table 9. Without exception, the intercorrelations be- 
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FIGURE 2 

Comparison of the Distribution of Chest-H right Index in 
79 Barnard College Women, with Kuhnih.’s Data 
on 150 "Purs" Female Types 

tween the physical and mental measures are insignifi¬ 
cant. While this procedure of correlating perform¬ 
ance scores with single physical measures would not he 
justifiable if a relationship were established between 
each physical category and mental performance, in the 
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TABLE 9 

Correlations between Physical Indices and Performance 
Scores (N=-110) 




(Standing Height! 11 


Pignet index 

Silting Height X Weight 

Otis 

+ .01 ±.065 

—.1138±.065 

Leclcy scare 

Auditory span 

+.tl ±,065 

-f ,0+9 ±.065 

—. D49±,065 

—.091 ±,065 

Spall. +-6-8-9 

+.067±.C65 

+ .087 ±.065 

Incidental memory; right 

—.110±.06S 

—.076 -*-,061 


absence of such evidence it tends to confirm our nega¬ 
tive conclusions, 

Of similar import are the intercorrelations between 
the different psychological measures, which the reader 
will find in Table 10. All of the tests, it will be re- 

TABLE 10 


Inteiicorrelations detween Mental Tests (N = 110) 



Spa If, 

Spalt. 

Spalt. 

Incidental 


3-5-7 

4-6-S-9 

1-2 

mem,; 

Auditory span 
Cane. C-H-P-T-Z 

—.203 ±.062 
—,1900±.062 

—,28+±,059 

—,156±,063 

—.0624-*-.064 

Incidental mem, 
Lecky score 

—.08S1±.064 

—,097±.064 




called, were designed to measure abilities differenti¬ 
ating the two groups. It should follow that the inter- 
correlations between the tests, obtained from a popu¬ 
lation consisting of both types, would be fairly high. 

The conclusion is clear, from a survey of the inter¬ 
correlations, that the different tasks under considera¬ 
tion have nothing in common with each other. As a 
matter of fact, we find a surprising consistency of nega¬ 
tive correlations, although these arc small, and signifi¬ 
cant in only 2 cases out of 7. That the small correla- 
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lions are not artifacts caused by the low reliability of 
the separate tests will become clear if the reader will 
refer to Table 11, giving the reliability of the tests. 


TAULE 11 

Reliabilities of Mental Tests 


Tcit 

Author 

Reliability 

N. 

Otis Self Administering 

Otis 

.925 

125 

Lecky Individual 1 . accrt* 

PoUister 

.917 

209 

Visual span* 

Anastasi 

.7U9 

225 

Cancellation H-Rf 

Present 

.9412 

120 

" D-K-Sf 

If 

.8406 

120 

" F-M-Q-Xt 

II 

.8U9 

120 

« C-H-P-T-Zt 

II 

,7113 

120 

Spaltungsfahlgkcit Test}: 

If 

.6227 

no 


•Reliability was calculated by the split-half method and the ap¬ 
plication of the Spe/irman-Urown formula. 

^Reliability was determined by correlating the scores ol the first 
and fourth trials with the scores of the second and third trials. 
The resulting correlation was stepped up by the Spcarmnu-Jlrown 
formula. 

{This value was obtained by correlating the scores of the test 
consisting of the letters C-b-F with the scores at the test including 
the numbers 3-5-7. The resulting inurcorrclntioii may be accepted 
as a minimum value of the reliability of each test. 

It will be observed that the reliabilities are fairly 
high. It seems reasonable to conclude, on the basis 
of the correlations between the tests, that we have evi¬ 
dence for the absence of a trait or of a group factor 
having reference to the ability to analyze groups of 
impressions, It is such a systematic and powerful 
central ability that is implied in Kretschmer's hypothe¬ 
sis as well as in his results. 

4, Interpretation of Results, These findings arc in 
such direct contradiction to those of Kretschmer and 
other German workers that the question of the com¬ 
parability of the present experimental situation with 
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theirs is immediately raised. An answer to this ques¬ 
tion must be based upon (a) the extent to which our 
tests measure functions similar to those of previous 
workers in the field, and (b) the correspondence be¬ 
tween their methods of physical classification and curs. 

It goes without saying that we cannot prove the val¬ 
idity of our tests for the measurement of those capaci¬ 
ties which, according to Kretschmer, distinguish the 
leptosome from the pyknic types. It is possible, how¬ 
ever, to infer from the structure of the tests the nature 
of the demands they imposed on the subjects, and the 
kinds of abilities they probably called into operation. 
The subsequent sections will be devoted to an analysis 
of the tests from this point of view. 

That there are no differences between the groups 
on the Otis Self-Administering Test is clearly shown 
in the results. This finding was expected, in view of 
previous findings of the same kind [Heidbreder 
(11), Naccarati and Garrett (27), Garrett and Kel¬ 
logg (8)]. The result is important, however, for an¬ 
other reason. Most of our tests are measures of in¬ 
tellectual performance of one kind or another. Given 
this situation, it was quite likely that they might all 
measure more or less partial aspects of whatever is 
measured by tests of general intelligence. By corre¬ 
lating the Otis Self-Administering scores with the 
other scores we were able to show that this situation 
did not hold. The results are presented in Table 12. 

The intercorrelations justify the conclusion that the 
tests of this study measured abilities independent of 
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TABLE 12 

Intercorrelations between Otis Ski.k Aum. and Other Tests 



r 

n- 

A 1 

Otis and SiinliunRjfiiliigkcit 1-2 
i< « " 1.5.7 

• —.181 

± .01,1 

110 

—.270 

± .061 

108 

ci if » >|-6-S'9 

.3 J 5 

■j.: .0.17 

no 

cl " Cancellation C-H-P-T-Z 

f .137 

± .063 

110 

“ " Auditor)' spun 

•I-.2SU 

A: .018 

117 

u " Incidental memory: right 

—MU 

* .071 

u 

“ " Information score 

-K26I 

:t .060 

110 

those found in tests of "general” 

intell 

ligcnce, 

, What 

abilities did the tests measure? 





The SpaltungsfiihigkeU tests, or tests of “cleavage" 
capacity, were modeled upon the tests used by Kiblcr 
(14). This investigator exposed tnehistoscopieally 5 
different cards, each containing nonsense syllables vary¬ 
ing in color (red, green, blue, and black), and in posi¬ 
tion. Each card was exposed twice. Before each ex¬ 
posure the subject was directed to attend either to the 
form or color of the syllables. Kiblcr reports that the 
leptosomes were "far superior to the pyknics in keeping 
distinct the different impressions." 

The subjects of this investigation were required to 
keep track of the number of times each of a set of 
letters or of numbers was read during a given trial, 
The test was systematically varied in two directions: 
(a) the number of different letters or numbers read 
within a single trial varied from 2 to 4; and (//) the 
total number of letters or numbers included in a single 
trial varied from 6 to 22. The task confronting the 
subject was thus to keep together an increasing number 
of different stimuli as well as a progressively increas¬ 
ing number of total stimuli. It would seem, therefore, 
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to exemplify what Kretschmer understands by Spal- 
tungsfahigkeit. No reliable differences, however, are 
present on any part of this test, for any of the methods 
of classification. 

The tests of cancellation were constructed according 
to the principle already employed with the Spaltungs- 
fahigkeit tests, The number of different letters to be 
cancelled within any given trial varied from 2 to 5, 
while the different numbers to be cancelled varied from 
2 to 4, Again the test situation required the subject 
to react to an increasing number of different stimuli 
within a short period of time. Again the groups are 
not significantly different on the various parts of the 
test. 

The tests of auditory span measure the maximum 
number of different impressions which an individual 
can reproduce accurately immediately after presenta¬ 
tion, Differences between pyknics and leptosomes in 
span of perception have been reported by Van der 
Horst (40), Enke (3), and Kibler (14). These 
authors exposed tachistoscopically letters arranged in 
random order, directing the subjects to reproduce as 
many as possible. The number of letters reported by 
the subjects are given by Van der Horst and Kibler 
in the following summary: 



Van der Horst 

Kibler 

Pyknics 

76 

42.4 

Leptosomes 

66 

36.B 

Circulars 

32 

32.0 

Schizophrenics 

2B 

27.4 


Although the memory span tests do not measure pre- 
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cisely the same function as the span of perception, the 
causes tending to divide the types on the latter test 
should also operate with the former. The differences, 
however, were unreliable for our groups. 

Two methods of presentation of the memory span 
material were used. The visual method permitted the 
simultaneous exposure of all the numbers, while the 
auditory method necessitated the successive presenta¬ 
tion of single numbers. According to the descriptions 
of the functioning of the two types, \vc would be led to 
expect that the pyknic subjects would be benefited by 
the visual method of presentation, and that the lepto- 
some subjects would find the auditory method more 
advantageous (at least relatively to the pyknic sub' 
jects). From our results it appears that the different 
methods of presentation produced no reliable differ¬ 
ence in the relative standing of the two groups, 

The test of incidental memory was designed to meas¬ 
ure the relative ability of the two groups to concentrate 
effectively on a circumscribed task and to resist fairly 
potent and attractive distractions. According to the 
investigation of Kibler (14), previously mentioned 
with reference to the Spaltungsfiihigkcit test, the pyk- 
nics were better than the leptosomes in reporting those 
features of the syllables to which their attention was 
not directed. The differences between the groups are 
entirely negligible on this test. 

The Lecky Individuality Record is a measure of 
the negative or withdrawal attitude (21). Van tier 
Horst (40) and Kibler (14) claim to have found 
striking personality differences between the constitu- 
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tional groups. They studied the self-diagnosis of their 
subjects, which revealed a strikingly close agreement 
between pyknic build and cyclothyme disposition on 
the one hand, and leptosome build with schizothyme 
disposition. The following summary represents the 
results of Van der Horst: 



Cyclothyme 

Undecided 

Schizothyme 

Pyknic 

94.4% 

12.2% 

2.3% 

2,8% 

Leptosome 

17-1% 



From these findings one would predict that lepto¬ 
some subjects would be more strongly withdrawing or 
negative, No such difference appears in our results. 
The other measure with which this test furnishes us is 
the consistency on the 8 component parts of the test. 
If, as Kretschmer claims, the tendency of leptosomes 
to "split" extends into emotional as well as intellectual 
activities, leading to the frequent formation of com¬ 
plexes among them, we would expect to find some evi¬ 
dence of this in the inconsistency scores. The data fail 
to confirm the expectation. Results leading to the 
same conclusions are reported in the second study be¬ 
low. 

In view of the descriptions of the pyknic group as 
relatively mobile in their mental processes and as rela¬ 
tively poorer in concentrating on prescribed tasks, we 
included a test of general information containing ques¬ 
tions concerning 13 different subject matters. The two 
groups differed negligibly both in total score on the 
test as well as in their variability on the parts of the 
test. 
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In the light of the preceding discussion \vc feel justi¬ 
fied in concluding that our measures approximate as 
closely as the present state of knowledge permits to 
those functions which arc held by Kretschmer to divide 
leptosomes and pyknics into two mental types. There 
seems to be no reason to suppose that the particular 
tests used by Kretschmer and the other German in¬ 
vestigators measured the functions in question more 
validly than did ours. The tests of this investigation, 
most of them possessing fair reliability, have in no 
case indicated a significant difference between the con¬ 
trasted groups. 

The second question of interpretation may be raised 
with reference to the physical criteria that were em¬ 
ployed in the classification of our subjects. 'I'llis prob¬ 
lem has already been discussed in a previous section. 
It was there pointed out that \yc made use of a repre¬ 
sentative sampling of a normal population, that our 
norms for the constitutional types were in general 
agreement with those of other workers, that on the 
basis of a number of indices successfully used in the 
past, we selected two practically non-overlapping 
groups, and that the comparison of mental test scores 
of the two constitutional categories was made using 
three different methods of classification. Wc have 
steered a middle course in the controversy as to 
whether “general diagnosis 1 ' or anthropometric in¬ 
dices are to be preferred by using both, and wc have 
found that the results arc exactly the same with either 
method, or with the two in combination. 

It may perhaps be added that one of the writers 
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spent a month in Kretschmer’s laboratory and received 
training in constitutional diagnosis and in anthropo¬ 
metric measurement; it is a fair assumption that the 
classification here adopted would not differ from that 
of Kretschmer to any very marked degree. 

5. Summary of First Study, (a) From a group 
of 153 subjects, homogeneous in age, sex, educational, 
social, -and economic backgrounds, two sub-groups— 
leptosome and pyknic—were selected on the basis of 
physical criteria. A number of mental tests were ad¬ 
ministered to both groups and their performances were 
compared. 

( b ) The physical classification of subjects was car¬ 
ried on with three different methods. The results of 
the three methods were consistent with each other. 
In addition the norms for the present groups corre¬ 
sponded closely with previously published norms of 
other investigators. 

(c) No reliable differences were found between 
the physical groups on any mental test, using each of 
the three methods of classification. 

(d) The physical measures and indices were 
highly correlated with each other, indicating the pos¬ 
sibility of dividing subjects into leptosome and pyknic 
categories. 

( e ) All the correlations between mental tests were 
too low to be significant. There is no evidence for 
any common or central ability running through them. 



Ill 

THE SECOND STUDY 

A second study, similar in character tu the one re¬ 
ported above, was undertaken concurrently, for the 
purpose of checking the Kretschmer findings in a 
homogeneous group of women. Barnard College 
Freshmen and Sophomores were chosen as subjects for 
the experiment, chiefly because age-differences in the 
group were negligible and the range of environmental 
differences presumably small. 

A. Procedure 

1, Physical Measurements. A series of anthropo¬ 
metric measurements had been taken, in September, 
1932, by trained workers in the Barnard Physical Edu¬ 
cation Department for the entire group of 423 stu¬ 
dents; these were carefully recorded, in February of 
the following year, from the files of the Department. 
The Fignet index, the Height-Weight ratio and a 
modification of Mohr and Gundlach’s index (23) 

TABLE 13 

Distribution of tub Hbickt-Wuiout Ratio in 423 Barnard 
C oLLBan Women 


Index 

I're«|ucnc> 

35-3B 

fi 

39-42 

17 

42-4G 

46 

47-50 

95 

51-54 

123 

55-58 

77 

59-H2 

39 

61-66 

14 

H7-70 

2 

71-74 

2 


[ 190 ] 
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were then calculated for the entire group and the re¬ 
sults distributed, As the preceding table shows, an 
almost perfect distribution resulted for the Height- 
Weight ratio; the curves for the other two indices were 
also nearly identical in shape. (Table 13) 

A correlation between the Mohr and Gundlach 
modification and Height-Weight ratio was further 
computed and found to be -|-.92±.009j since it was 
-]-.86 in Mohr and Gundlach’s own results, this index 
was discarded in favor of the simpler ratio. 

Invitations to serve as subjects in the experiment 
were then sent to approximately 175 individuals who 
fell in the upper and lower ranges of the two normal 
curves. Students below 16 years of age and above 20 
were excluded from the first list, It was hoped, at 
the inception of the experimental work, that clinical 
observations similar to those made in the first study 
might also be made on the Barnard subjects, for the 
determination of constitutional type, The very limited 
time at the disposal of the students, however, precluded 
this possibility, and the investigator was forced to re¬ 
main content with a mathematical determination of 
the types, both from the distribution of several indices 
and from comparison of the data with those of Gott¬ 
fried Kuhn el (20), Seventy-nine students responded 
to the invitation to be subjects; they were tested over a 
period of two weeks in April, 1933, in small groups 
not exceeding twenty a day. The shoulder breadth of 
each subject was measured before the opening of the 
actual experiment, since this measurement had not 
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been included in the original series taken by the Phy¬ 
sical Education Department. 

2. The Tests. Five tests were then administered 
to the subjects in the order in which they arc described 
below: 

hikes Lang Word Test, : Two polysjdlnhic, Muiil words were 
flashed onto a "daylight 1 ’ Trans-Lux screen lor one-tenth of a sec¬ 
ond, ten times each, Tile exposures were mechanically controlled 
by n enmem-shutter device and were flashed from a stercopticcm. 
The words were ''extraterritoriality” arul "anlitlisc-stablidimcnIa- 
rianism." Subjects were given the following directions: ''You will 
now see flashed on the screen letters or words. There will be ten 
brief exposures, after each of which 15 seconds will he allowed for 
you to record in the appropriate blank space, wJwt you set, Please 
print yanr answers legibly.*' Scoring was done by classification into 
"Gestalt," "Analytical,” and "UncUssifinble" categories, after the 
descriptions given by Enke (3), who found schi/.otliynics giving 
careful, analytical responses, while the cycloids or cyclothymes ran 
to more synthetic, "Gcstalt-qualitat” answers. 

S/Hiltiingsfahigktil Test, This lest was divided into three parts. 

(а) A scries of twelve colored squares waB flashed in random order, 
but rhythmic/dly, onto the Trans-Lux screen, for an entire exposure 
time of one minute, The. squares were made on prepared slides, in 
which colors were obtained by permitting the "Mafiic-lniHcrn" light 
to pass through red, yellow, blue, and green cellophane. Directions 
were as follows: "You will now see flashed on the ■wen a series 
of colored squares. ‘When the entire exposure is complete, that is, 
when I say 'Ready, 1 you will record in the appropriate spaces on 
your blank bow Many squares there were of each color." Score was 
obtained by deducting one for each error in a category and then -sub¬ 
tracting the total number of wrongs from 12, the maximum score. 

(б) A scries of twelve colorless forms wns next flashed on the screen, 
with similar directions and for the same total exposure time. The 
forms were: square, triangle, oblong, and circle. Scoring was done 

z In both this and the following tests, the room was only very 
slightly darkened to avoid any possible error from pupillary ndsipin- 
tion, 
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in the same way. (e) Three separate series of twelve colored forms 
each were flashed on the screen again in random order and with a 
total exposure time of one minute for each series, Directions were 
the Same, except that the subjects were requested to record how many 
''objects there were of each form and of each color." Scoring was 
done, again, according to categories. It was expected, of course, 
from the Kretschmer schema, that the leptosomes would do well, 
and the pyknics poorly, in these tasks. 

Incidental Memory. This is the "Logical Memory" test described 
above in the first study. 

Self-Diagnostic Questionnaire. This questionnaire was translated 
ns well as possible from Kibler's (14) diagnostic lists. It is quoted 
verbatim: 

Here are two sets of adjectives and adjectival phrases, each 
list being supposed to characterize a certain type of individual. 

Please read both list9 carefully, one at a time, and then indi¬ 
cate by a check in the appropriate box which group of adjectives 
best fits your type of personality. It is not essential that every 
characteristic apply to you; what We want to know is which 
total picture you think most relevant to you. Will you then indi¬ 
cate by circling the heading of either list which type of person 
you would in general prefer to be. 

List I—Goodraturcd; talkative,- friendly; sociable; cheerful; 
comfortable; easy-going; humorous, with a sense of humor; 
irritable; easily angered, but quickly calm again; fond of man¬ 
kind; humane; able to adjust to circumstances, realistic; al¬ 
ways thinking of realities; fond of pleasures; fond of eating 
and drinking; respectable and conscientious; narrow, almost a 
philistine; busy; active; enterprising but also circumspect; com¬ 
petitive; active, a leader in groups; lively, unconstrained, un¬ 
affected; in general, popular; natural; merry, jolly; not for¬ 
mally polite; sometimes miserly, then extravagant; unreserved, 
not taciturn; practical and determined; fond of children; 
warmly pious; not rigidly dogmatic; not highly principled; 
prepared to make concessions, to compromise; fond of nature 
and of social life; fond of realistic books, nature and trav¬ 
elogues. 

List II—Unsociable, except on rare occasions; worrysome or 
else completely indifferent to dangers; enemy of mankind; 
silent; monosyllabic; in general, repressed; passionate, irrit¬ 
able; sensitive; impulsive; easily put out of humor; pensive, 
meditative; humorless, taking everything seriously; given to fan¬ 
tastic dreaming or musing; given to idealising; pedantic, con¬ 
scientious; having a chronic feeling of insufficiency; longing 
for distant lands; acting always oil logical principles; strongly 
moralistic; stoical, although at the same time inwardly sensi¬ 
tive; aristocratic; self-sufficient; independent; cynical; sccp- 
ticnl or else deeply religious; bitter; stiff; awkward; shy; un¬ 
bending; bard; purposeful, tenacious; indifferent; egocentric; 
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sometim.^ apparently altruistic but in reality little Interested; 
unnympflihctic; in general, not fond of children; given lo ab¬ 
stractions; intellectual; living much in the future; given to 
dreaming; fond of reading idealistic, bizarre and fantastic 
books, 

Now please indicate to what degree you think die list you have 
checked describes you, Let 0 «■ ‘'slightly," -T ‘"•^''iiKKlcrriiely," and 
4-+-" "almost perfectly." Indicate by circling one of die allow¬ 
ing: 

0 -|- ++ 

slightly moderately almost perfectly 

Lecky Individuality Record, This personality inventory is de¬ 
scribed above, The record was filled out by the subjects nt home. 

Scholastic Aptitude Test, This test is administered to nil enter¬ 
ing students of Barnard College as part ol the requirements for 
admission, taking the place of the ordinary intelligence test. 

B. Results 

1. Physical Results. Two additional indices, both 
of which had been favorably mentioned by Kretsch¬ 
mer (17), Kiihnel (20), and Wigert (47), as showing 
a marked differentiation of the three major body 
builds, were next calculated for the group of 79 sub¬ 
jects. The indices chosen were the Chest-Shoulder 
and the Chest-Height," which Kiihnel cited as differ¬ 
entiating, respectively, pyknics from athletes and Icpto- 
somes, and pyknics from leptosomes, with athletes fall¬ 
ing in between. Since ICuhnel’s curves were based on 
a study of 150 "pure" constitutional types, all normal 
women who had first been diagnosed clinically, it was 
felt that considerable knowledge could be gained by 

/The Chest-Shoulder index is described above, p, 164. The 
Chest-Height Index is computed ns follows: 

Chest-Circum ference (cms.) 

Standing Height (cms.) 
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FIGURE 3 

Distribution of Scores of Leptosome and Pyknic Groups 
in Cancellation— CHPTZ (Method of Indices) 

superimposing the curves from the 79 Barnard sub¬ 
jects on ICiihnel’s graphs. 

It appears at once, from a cursory examination of 
this distribution, that the Barnard curve practically 
coincides with Kuhnel’s curve for leptosomes, abutting 
only slightly into pyknic territory and somewhat more 
into athletic. All three indices, the Chest-Height, 
the Pignet, and the Chest-Shoulder, show this result 
consistently, although in varying degrees. 

2. Correlations between Physical Measures. The 
intercorrelations of the indices were then computed, 
and are in Table 14. 

These correlations are all positive in direction and 
statistically reliable. They show a fair degree of rela¬ 
tionship among the indices, It would therefore seem 
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TABLE 14 

Index I nti-hcoh relations 



CIjcsi-HimkUi 

ChcuUSliouldcr 

Hl-Wl. 

Pignet 

Clieil-Shatildcr 

+.SIS±:.<I6 
-1-.S57 izM 

+AHS±.(I6 


Heifflil-Weight 

-K7l2±.«fi 

-p.35 ±.n 7 



safe to conclude that, since the indices intcrcorrclnte 
positively and show a consistent “skew" when graphed 
separately on Kiihnel's data, there is a definite pre¬ 
ponderance of leptoid/ and a corresponding absence 
of pyknoid forms in this Barnard group. 

This phenomenon may, of course, lie the result of 
chance, or it may be attributed to some selective factor 
operating in the group. Kretschmer and Kiblcr re¬ 
port that leptosomes arc prone to shun an experimental 
situation. The absence of pyknlcs in our group there¬ 
fore could hardly be laid to direct avoidance of the 
experiment. Naccarati and Garreu (27), in a study 
of morphological index in a University group, also 
found more microsplanchnics than imerosplanclinics, 
They suggest that since microsplanchny is positively 
related to intelligence, fewer macmsplanchnics would 
reach a University group. It is just possible that a 
similar factor operated in our results, although the 
zero correlations (to be reported later) between Schol¬ 
astic Aptitude Test and the four indices make the pos¬ 
sibility slim. 

In any event, the absence of pyknics among the sub¬ 
jects forced us to abandon our original intention of 


■•The terms Tcptoid" and “pyknoid" are somewhat arbitrary 
designations for the two extremes of the llarnartl distribution curve. 
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treating the various test results in three separate groups 
—Pyknic, Athletic, and Leptosome—and to substitute 
correlational method for measuring relationship be¬ 
tween temperamental type and body build. The Pear¬ 
son technique, while not exactly congruent with the 
Kretschmerian schema, which implies causal interre¬ 
lationships rather than statistical probabilities, seemed 
even more advisable since no one index, or combina¬ 
tion of them is, in itself, a sufficient criterion of con¬ 
stitutional types. Not only Kretschmer, but Wert¬ 
heimer and Hesketh (44) have pointed out the diffi¬ 
culty of inductive classification; the “imperfect" inter¬ 
correlations of the indices made the difficulty even 
more apparent. It was felt that whatever differences 
and relationships existed in the data would probably 
appear despite a somewhat unsatisfactory technique. 

3. Mental Performance. The results of the in¬ 
cidental memory and “Spaltungsfahigkeit" tests are 
presented together in Table 15. 

We shall consider first the correlations between phy¬ 
sical index and incidental memory. It will be seen at 
once from the table that the only correlations of pos¬ 
sible significance here are those with Height-Weight 
ratio (—.37) and with Chest-Height index (+.39). 
The other two are statistically unreliable. The trend 
of these two former correlations is favorable to Kretsch¬ 
mer’s hypothesis, that is to say, those individuals with 
low scores on the incidental memory test, who evi¬ 
dently attended only to the task in hand, are charac¬ 
terized also, to some extent, by more leptoid body- 
builds. The correlations are too low, of course, for 
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definite confirmation, and the results are further dis¬ 
credited by the lack of relationship between incidental 
memory and two such important indices as the Pignet 
and Chest-Shoulder. 

None of the twelve “Spaltungsfahigkeit” correla¬ 
tions is reliable except perhaps that between capacity 
to “split” a series of forms and Chest-Height index 
( + .305). The Chest-Height index also shows some 
relationship to Colored Forms ( + .27) although the 
correlation is net conventionally reliable. The trend 
of both correlations is this time unfavorable to the 
Kretschmer schema, since a high score in “Spaltungs¬ 
fahigkeit” should be related to low Chest-Height in¬ 
dex (leptoid) rather than to high Chest-Height index 
(pyknoid). 

Lecky Individuality Record. Correlations were 
computed first between total “Withdrawal” scores and 
physical index. To be quite certain that results of 
interest were not neglected through failure to analyse 
the Record scores according to Lecky’s directions, fur¬ 
ther correlations were then computed for three sub¬ 
groups of data: Social Adjustment, Cooperation, and 
Optimism scores. The results are in Table 16. 

None of these correlations is statistically reliable. It 
is interesting to point out in this connection that Pal- 
lister (30), working with 209 Barnard College stu¬ 
dents, also found a correlation of —.059±.0S between 
Height-Weight ratio and Lecky Record. In our 
study, the highest correlation with total “Withdrawal” 
scores, that between the Record and Chest-Shoulder 
index (+.235), shorn a tendency for high record 
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scores (negative attitude) to be related to pyknicity. 
This is, of course, contrary to what one would expect 
from the Kretschmer schema. 

The results of the sub-score correlations appear 
equally as insignificant as the results from the total 
Lecky scores. They are, if anything, almost without 
exception contrary in trend to what might be expected 
from the Kretschmer schema, since larger "With¬ 
drawal” scores (more “wrong” answers in the three 
groups) are related to pyknicity rather than to the lep- 
toid habitus. 

Scholastic Aptitude Test, No relationship is ap¬ 
parent in these data. The signs of the correlations 
indicate, however, a contradiction of the results in the 
literature. Paterson (31), for example, summarizing 
the work, of Naccarati and Garrett, Garrett and Keb 
logg, Sheldon, Heidbreder, and others, finds a slight 
but positive correlation between a higher degree of 
intelligence and microsplanchny. Our results indicate 
a slight but negative relationship between a higher 
degree of intelligence and slender body-builds. The 
small sample in our study and the obvious unreliability 
of the correlations might, however, easily account for 
the difference in sign. Two correlations were there¬ 
fore computed for 409 Freshmen and Sophomores be¬ 
tween Scholastic Aptitude score and Pignet index 
and between score and Height-Weight ratio. These 
are in Table 17B. 

The very slight tendency, therefore, for high Schol¬ 
astic Aptitude score to be related to the pyknoid body- 
build is evidently substantiated in the larger series of 
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TABLE 17 A 

Correlations op Physical Indices with .Scholastic 
Aptitude Test (N *** 79) 

I'iHnel imjcx —&•*•& 

Chesl-tlciRM itulcx ‘I-.IU ±.09 

Clml-Shmililer index 
Hciuhi-WciKhi raiin —.01 

TABLE 1711 

Correlations of Physical Indices with .Scholastic 
Aptitude Test (N ^ 409) 

l?igm into* —Di't lill 

HeigluAVeiRHl rniio —,l l»33 

data, The two correlations arc not completely re¬ 
liable, however, and they arc so small as to make 
their discrepancy from those in the literature insignifi¬ 
cant as well as unaccountable. 

ICibler Questioni\aire. The results of this question¬ 
naire and of the Long-Word test to be presented in the 
next section were treated somewhat more qualitatively, 

The subjects were divided into two groups.“Lcptoid" 

and ‘'Less Leptoid" or “Pyknoid""-on the basis of two 
physical indices, the Height-Weight ratio and the 
Chest-Height index, A comparison was then made 
between the subjects 1 aelf-diagnoscs and their actual 
physical habitus, 

It will be seen from Table 18 that there is no tend- 
TABLE 18 

Kiulbr Questionnaire 

N Unity- Scliuo- Diugmisi! Cyclo* 

. __Build iltyinc mixcil iliyme 
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ency for “pyknoid” and “leptoid” individuals to diag¬ 
nose themselves according to the characteristics they 
are supposed to possess. On the contrary, there is a 
decided preponderance of cyclothymic diagnoses in a 
population the majority of which is leptosomic in body- 
form! Kretschmer has remarked on the popularity 
of cyclothymic qualities; it is quite evident that his 
observation is corroborated, almost too well, in our 
data. 

Enkes Long Word Test, The responses to this test 
were classified, as reported before, into “Gestalt,” 
“Analytical,” and “Unclassifiable” answers. No little 
difficulty was experienced in making these classifica¬ 
tions. It was often felt that categories were being 
superimposed upon the responses with no other justi¬ 
fication than an a priori schema. Two rigid criteria 
were therefore followed throughout the scoring: (a) 
to be called “Gestalt,” both series of responses must 
begin with a complete word, although not necessarily 
the correct one; (b) to be called “Analytical," both re¬ 
sponses must show minute observation for the letters 
in the exposure, and a gradual “building-up” of the re¬ 
sponse. All other responses, including those in which 
an alternation of these “types” of perception was appar- 


TABLE 19 
Long Word Test 


Index 

N 

Ikdy- 

Build 

Perception Type 

Gestalt Annlyticnl 

Unclasai- 

finblc 

Ht/Wt 

n 

Pyknoid 

1 

4 

6 


68 

Leptoid 

15 

B 

45 

Cheat- 

8 

Pyknoid 

I 

2 

5 

Height 

71 

Leptoid 

15 

10 

46 
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ent, were termed "IJnclassifiable.” The results are in 
Table 19. 

Again it is obvious that hody-buiUt beats absolutely 
no relationship to type of perception. The outstand¬ 
ing facts from our data are the overwhelming pre¬ 
ponderance of urtclassiliable responses, and the failure 
of “proper” responses in the extreme portions of the 
index-curves. 

The failure of this entire battery of tests to yield 
relationships of any significance with indices of body- 
build prompted the investigators to attempt intercorre¬ 
lations of the tests themselves, in the hope that the 
subjects' behavior could at least be shown to "hang 
together” in the manner outlined by Kretschmer. 
The results of this scries of intcrcorrclations are in 
Table 20. 

It is at once apparent that the only reliable corre¬ 
lations are those between the “Logical Memory" test 
and the capacity to "split” forms, and between the 
“Logical Memory” test and Scholastic Aptitude. The 
relatively high (for these data) correlation of —,45 
between incidental memory and Spaltungsfahigkcit for 
forms tends to corroborate the Kretschmer hypothesis 
to the extent that individuals (cyclothymes) who have 
good incidental memory are also supposed to be unable 
to split the stream of consciousness. On the other 
hand, it is difficult to account for the absolute lack of 
relationship between incidental memory and Spaltungs- 
fahigkeit for colored squares and colored forms. The 
other reliable correlation, that between Scholastic Ap¬ 
titude and "Logical Memory” ( 4 .36) is readily under- 
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standable both as to size and direction since incidental 
memory is probably one of the factors measured in a 
slight degree by the Scholastic Aptitude Test. The 
intercorrelations of the Spaltungsfiihigkcit tests are 
interesting from the point of view of the Kretschmer 
schema, Forms ancl Colored Forms correlate to the 
extent of -4.24; Colored Squares and Colored Forms 
to the extent of -f-.26. Yet Colored Squares and (un- 
colored) Forms show no relationship at all (4-.013 
=t,09). Kretschmer believes that, as these correlations 
would tend to show, sensitivity for color and for form 
are two separate characteristics of the individual. 
Further and more elaborate statistical analysis of a 
larger quantity of data is necessary, however, before 
definite conclusions on this point may be drawn. 

The only other correlation of interest is that between 
Scholastic Aptitude Test and Reeky Record, the results 
bearing on the old question of the relationship between 
intelligence test score and so-called emotional stability. 
No such relationship is apparent in our data. 

As a last check on the validity of these results, a 
study was made of average differences in performance 

among the three constitutional groups, The 79 sub¬ 
jects were divided into three physical classes on the 
basis of either one or two of the four indices; the 
averages of these classes were then simply compared. 
It was felt that a differentiation might perhaps appear 
which the somewhat more wholesale correlation tech¬ 
nique had obscured. The results of this procedure are 
in Table 21, 

It is clear that these differences arc neither statisti¬ 
cally reliable nor consistent in trend. 
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TABLE 21 
Average Scores 


A. Incidental Memory ("Logical Memory") 


Body Build 

Average scores 

Average scores* 

Leptoid 

42.08 

17. 38 

Athletoid 

42.70 

43.64 

Pyknold 

42,27 

43.38 

Index: 

Cheat-Height 

Cheat-Shoulder 

B. 

Spaltungsfiihigkeit 


1. Colors—Average scores 2. 

Forms—Average scores 

Leptoid 

10.(9 

10.50 

Athlcroid 

11,30 

11.30 

Pyknoid 

11.36 

11.25 

Index; 

Pignet 

Chest-Height 

3. Colored Forms—Average scores ** 

Average scores 

Leptoid 

12.11 

9.72 

Athletoid 

14.05 

9.97 

Pyknoid 

12.25 

10,27 

Index: 

Chest-Height 

Chest-Shoulder 

c. 

Lecky Record 



Average scores 

Average scores 

Leptoid 

32,38 

28,04 

Athletoid 

47.80 

34.7H 

Pyknoid 

33.38 

33.90 

Indexi 

Cheat-Height 

Chest-Shoulder 

D. 

Scholastic Aptitude Test 

Average scores*** 


Leptoid 

522 


Athletoid 

521 


Pyknoid 

Index: 

554 



*D/itD= 1.8 (leptoid-athletoid). 

D/aD—2.2 (athistoid-pyknoid). 

**D/£tD= 2,I6 (leptoid-athletoid). 

D/<rD=Q,90 (athletaid-pyJcnoid), 

***D/<tD= 1.6 (athletoid-pyknoid). 

4, Interpretation of Results. It should by this time 
be evident that the general conclusion of this second 
study must be a fairly systematic negation of the 
Kretscbmerian findings we attempted to corroborate. 
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Not only did a battery of carefully chosen temperamen¬ 
tal tests show no relationship to inductively determined 
physical habitus, but the interrelationships outlined by 
Kretschmer were absent among the tests themselves. 
A study of average group differences also yielded neg¬ 
ative results. 

Three reservations should be made at once, however, 
to this somewhat sweeping conclusion. First, there 
was an unexplained absence of pyknics in the group of 
Barnard subjects, Second, the study suffered further 
from the fact that no clinical observations of the sub¬ 
jects were made, so that it was necessary to rely on 
mathematical indices alone for the determination of 
physical type. Third, correlational techniques were 
used, for these two reasons, in the statistical treatment 
of the data. This at once put the entire Kretscluncrian 
concept at a disadvantage so far as verification of its 
tenets is concerned, It is, of course, true that Kretsch¬ 
mer's “intuitive" method of classifying types may be 
criticized, as well as the statistical invalidity of his 
treatment of results. But since the aim of this parti¬ 
cular study was verification of results and verification 
only, it seems sufficient to point out that differing diag¬ 
nostic and statistical procedures may have been in part 
at the basis of the negative results. 

It should be noted, however, that the results here re¬ 
ported agree closely with those presented in the first 
study, in which, it will be remembered, diagnostic and 
statistical procedures more nearly resembling Kretsch¬ 
mer's were used. The absence of pyknics in the present 
group produced no difference in the measures of rela- 
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tionship. It has been pointed out above that the size 
of a correlation is a function of the number of types 
included in the population. Yet the correlations for 
a population containing two types and for a popula¬ 
tion containing only one are practically the same. 

5. Summary of the Second Study, (a) 79 Barnard 
College Freshman and Sophomores, each of whom was 
at either end of a physical distribution curve for 423 
fellow-students (using three physical indices) were 
subjects in the experiment. The group was homogene¬ 
ous in age, sex, and socio-economic status. 

(b) The subjects were found to be predominantly 
leptosome in habitus, according to the norms for 
women published by Gottfried Kuhnel. 

(c) A series of S mental tests, derived from previous 
investigators, or designed by the authors to reveal cy¬ 
clothymic and schizothymic characteristics, was ad¬ 
ministered to the group. The correlations of the test 
results and 4 physical indices were low, for the most 
part unreliable, and often contrary in trend to what 
might be expected from the Kretschmerian schema. 
An intelligence test administered along with this bat¬ 
tery also showed negligible relationship to physical 
criteria. 

(d) The intercorrelations of the mental tests were 
insignificant and inconsistent, showing no “pattern” 
such as might be expected from the Kretschmer hy¬ 
pothesis. 

(e) No reliable differences were found between 
physical groups on any mental tests, 

(/) The general conclusion of the second study is 
therefore a negation of the Kretschmer theory. 



IV 

DISCUSSION OF RESULTS 

It is our present purpose to seek for an explanation 
of the striking discrcpnncies between the results of 
Kretschmer and his school and the results of the pres¬ 
ent investigation. In a preceding section, we have 
considered two possible causes—"differences in physi¬ 
cal classification and inadequacies in the psychological 
tests—mid ruled them out as unlikely. There are, how¬ 
ever, a number of important differences in the condi¬ 
tions of experimentation and in the treatment of results 
between the German type studies and the present. 
These may have been sufficiently influential, singly or 
together, to be responsible for the conflicting results. 
Among the more outstanding of these factors, we may 
list the following*, (a) heterogeneity of age; (b) 
heterogeneity of intelligence; (c) heterogeneity of so¬ 
cial, economic and educational backgrounds; (//) het¬ 
erogeneity of sex; (e) absence of measures of disper¬ 
sion and of the significance of differences between 
measures; (/) unknown test reliabilities, The German 
studies have, in general, been lax in the control of the 
above mentioned factors. 

Of the various disturbing factors that have been 
mentioned, that of age is probably the most crucial. 
That age exerts a modifying influence on physique has 
been pointed out by many investigators, Kretschmer, 
indeed, recognizes this, as is evident in the following 
passage: “When we look at old circulars when they 
were young, it is particularly remarkable that certain 

[ 210 ] 
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men and women exhibited quite atypical bodies, long- 
ish faces, a narrow build in their twenties, while 
later on they have developed along distinctly pyknic 
lines' 1 (18, p. 481). Similarly, Wertheimer and Hes- 
keth (44) found a definite age displacement of body 
types, the pyknic being more frequent with advancing 
age. Weidenreich (42) also has shown that individuals 
of advancing age become more pyknic and less lepto- 
some. Similar conclusions have been reached by Von 
Rohden and Grundler, Mollenhoff, Kolie and Garvey. 
It still remains true, of course, that there are different 
types at each age, and there are some individuals who 
remain consistent throughout life. The factor of age 
is, however, sufficiently important to lead to spurious 
results if not controlled. One condition, then, which 
studies of type differences must observe is to have the 
contrasted groups approximately equal in age. The. 
bulk of the German type studies deal with groups 
grossly heterogeneous in age. Thus Enke (3) in one 
type study, makes use of a group of 200 subjects, men 
and women, whose age range was 16-65 years, They 
were, in addition, recruited from all levels of occupa¬ 
tion and intelligence. All the results were treated to¬ 
gether, except that they were later analyzed into two 
age groups. Similar heterogeneity is present in a num¬ 
ber of Enke’s investigations. Enke and Heising (6), in 
a constitutional study of normals, employed 240 sub¬ 
jects, male and female, ranging in age from 16-60 
years. Two age-groups were compared. It is obvious 
that this attempt at control is highly inadequate, In 
another study, ICibler (14) had a group of “middle- 
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aged" subjects of both sexes, and a normal group of 
men and women, ranging in age from 20 to SO years. 
The instances that have been cited arc representative 
of the kind of controls used in the investigations. In 
both parts of the present study the requirement of homo¬ 
geneity with regard to age has been satisfactorily met. 

The factor of intelligence has been satisfactorily con¬ 
trolled in the present investigations. In the first study, 
the groups were equated on the basis of the Otis Self- 
Administering Examination; it was, furthermore, 
demonstrated that the tests employed were independent 
of intelligence test scores. Similarly, in the second 
study, the scores cm the Scholastic Aptitude Test did 
not correlate appreciably with any other measure, men¬ 
tal or physical. Where, however, there ts great hetero¬ 
geneity of intelligence and where the groups have not 
been equated for intelligence, we are likely to find both 
a spurious correlation between intelligence scores and 
scores on other mental tests and spurious differences 
between the groups. An actual occurrence of this kind 
is to be noted in the work of Mohr and Gundhtch (23). 
These authors worked with a group of prisoners, of 
which the pyknics were grossly poorer on the Army 
Alpha than the leptosomes. They report a correlation 
in these groups, between a test of cancellation and the 
Army Alpha scores of the surprising size of -1-795, a 
result that must be assigned directly to the influence of 
heterogeneity, While the German studies do not give 
records of the '‘intelligence" of their subjects, it is 
probable, as is apparent from the instances cited in a 
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previous section, that their groups were exceedingly 
heterogeneous from this point of view* 

Heterogeneity of sex is fraught with danger for all 
studies of types. On the one hand, differences in bodily 
development of the sexes make the problems of classi¬ 
fication somewhat different for them. On the other 
hand, possible sex differences in mental test scores 
should be guarded against. A large number of the 
German studies included men and women in the same 
treatment of the results. In the present investigation, 
the influence of sex was controlled by the simple ex¬ 
pedient of making two separate studies and including 
only one sex in each. 

Heterogeneity of subjects with regard to social, eco¬ 
nomic and educational backgrounds may act as dis¬ 
turbing influences in two ways: by distorting the dis¬ 
tribution of body types on the one hand, and of test 
scores on the other, Since differences in social, eco¬ 
nomic and educational backgrounds are frequently ac¬ 
companied by differences in intelligence test scores, 
heterogeneity in these respects will operate as hetero¬ 
geneity in intelligence. There is, in addition, some evi¬ 
dence of a relation between social class and physique, 
with a tendency for a greater proportion of leptosomes 
to be found among the upper social classes, This has 
been variously explained as due either to earlier matu¬ 
ration in upper classes [Stcckard (37)], or to differ¬ 
ence in diet and modes of living. [See Weidenreich 
(42)]. 

The groups that provided the results of the present 
investigations possessed a very homogeneous cduca- 
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tional background, and were mostly drawn from the 
middle classes, No consistent effort has been made by 
the German workers to control the heterogeneity of 
these factors. Many of them, as a matter of fact, seem 
to approximate the maximum amount of heterogeneity 
possible, 

On an equal level of importance with the necessity 
for the experimental control of the homogeneity of the 
subjects is to be placed the necessity for determining 
the dispersion and reliability of the differences of the 
measures. While the differences reported by German 
investigators arc often large, their failure to give meas¬ 
ures of dispersion makes it impossible to evaluate their 
significance. Strictly speaking, therefore, wc cannot 
say that the results of the Gcrmnn investigators are in 
disagreement with ours, although it is not probable 
that they agree. It should also be noted that given 
few cases and many measurements, differences that arc 
''statistically" significant will almost certainly be found 
as the result of the operation of chance. 

All the mental tests of this investigation were admin¬ 
istered in groups of twenty or less; most of the German 
studies were conducted individually. Disadvantages 
incident to group administration should reflect them¬ 
selves in the reliability of the tests, These, as given in 
Table 11, are however fairly satisfactory. The German 
investigators have not reported the reliability of their 
tests and it is consequently impossible to come to any 
definite conclusion concerning the inlhicncc exercised 
by the mode of presentation. 

The present study furnishes negative evidence con- 
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cerning the presence of two psychological types in the 
normal population. This conclusion must, of course, 
be interpreted while keeping in mind the limitations 
of this attempt, particularly with reference to the num¬ 
ber of subjects and the range of mental functions. It 
is possible that the proposed types differ in their re¬ 
actions to situations with which we did not deal. Obvi¬ 
ously it is impossible to overthrow a theory of the 
scope of Kretschmer’s with a single investigation. 
While it would be premature, at present, to regard 
Kretschmer’s' types as another ballet of ghostly cate¬ 
gories, the results of the present investigations, with 
the use of methods more careful than those of Kretsch¬ 
mer’s group, have consistently failed to provide evi¬ 
dence for the presence of types which they claim to have 
found. The typology may still be important in cases 
of marked mental maladjustment, but we have not been 
able to find in it any psychological significance in the 
case of the normal biotypes. 
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UNB ETUDE EXPERIMENT ALB »ES TYPES CONSTITUTtONNRU 

(Rtjurni) 

II I'ngit d'eunycf d'employer ties mdihodes eaptiimcninlcB dam I'imde 
dea difHrenccs payckolcgiqiiCB cnirc lei type* comnUtlicinncU. Lc point it 
ddpart cat 1# (htorie dc KreUchnicr, qul croil qu'il c*istc unc relation 
jntlmc cnirc lc physique el la menialili. Set croyance* tint regu quelque 
confirmotinn, non sciikmcnl dam In clintqtie p»yclii unique,, mall nunl dan* 

Is laboraioirc psychologiquo, ci lei hommci dc science nllcmands ont fait 
bcMtfsoup delude inkrcaioiUc* dans ce tlomimc. Celle InveiliRnlion'cl ,e 
icrt de qiiclqucs-iines dc kuri technique*, aimi q«e tie qnriqpti notiVcNej, 
lailes pour meuirer lea cnpecilC* qui auraient aclon KrtlHclimcr utte bate 
conslilulionnclk. On a chaiti del type* picnirpics cl Icpluiomci d’enire 
le« Jiudlenls dc Brooklyn College el dc Barnaul College el I'm n fail lc 
dingnoBliquc el scion l'obierirelion qualitniivc ct par I'usngc dea indices 
imthropomiiriqncs. Les groupcs duns Iss deux coUiRcs ont l\t fRnliBfs poor 
1’dge, I'itct social, I'iiat tconoitiique cl rinlclIiRcncc. Cheque *ujct a subl 
line bntlcrlc dc lean y conipris dea mesurci dc In porlie de la mtrnoire, de 
la mtmnire Incidctitelle, de In "SpfllliinjiafehiRkcit," mi capacity dc se fendre, 
el un iiwcnloirc personnel, ct on a analyst lei dnnntdi pour les tlifltrenccs 
conatitmlonnclles de type. te» ifiultaii ont cniitrement ntRniifj, car 
niiHc difTdrencc paychologlque slgnilinnle nc s'csl indlitrfe dans I’usage 
d'nucune de cei icchninuea ejtptrimcninlci. La alivcrRcnce entre cd rf- 
aultnta ct ceiix dea eicptrimenlaieurs allcinonda cal difficile ii cxpliqucr, mala 
il eat posailile quo cerlcduci difftrencei dei prdCeiiui cxpdriincnmux et 
sUliallquei, nin*i que dnns I'tgalisiillan dc* groupei, cn ptiisicnl fire 
responanblw, En Idui ens, lant qu'eHe vs; cell* tludc comluvl la pmaibiliit 
d^arriver il dc* dilftrenccs conslflisitonrtcllen fomlmimmlc* dc type selon lei 
mfcthodna de la psychologic expftrfmcnUlc. 

Kuhuum, Ascii ht Duick 

E1NB EXPERlMENTELLE UNTERSUCHUNG 1)ER KONST1TU- 
TIONSTYPEN 

(Re/eral) 

Der Yermch wird gemocht, eineriinemclle Meihodcn iur Unlcritiehung 
paychologlscher Diffcrcnzen zmichcn den Komliliilionilypcn anzuwendem 
Der Auignngapunkt iat die Lehro von Krelsrhmcr, dcr glambl, dflai ea cine 
engc DezUliung zwlschcn dem Kfirpcrhau umi deiu Gelii Ribt. Seine 
Ansichtert haben einige UealUligung nicht nur in der piychinlrildicn Kllnlt, 
sorwlem nuch In dem psycliolosiichen Labornlorium Refunded, und dculschc 
Foracber haben inlercsamile Unteraiichungeit nuf dicsein Gcbicl gelcialct. 
Die vorliegende UnUssuchung bediem ikh einca Tctlci Hirer MelhodiV 
sowie einiger nciier Melhoden, welch zum Mcajcn THIiiRtclien nufgealelll 
vrurden, die Kretschmer nla konalilutipnell hegriindet nnmli. Pykniacfie und 
lepioaonte Typen wurden untcr Sludcnten der IIroolclyn und Ilnrnard Hoch- 
schtilen miHgewilblt, Indcm die koaiil(ulionc)]c Dlngnosc bowoIiI tlurch 
Indizes gcmnchi Wurde. Die Gruppen qub lie id c n UiiiversiiHicii Wurdeii 
qualttnilvc Bcobnchliing wto tlurcli die VcrwciulniiR iirilliroponicirUclicr 
blitiichlljch cob Alien, tier lozlalen und wlruditfillehcn Lnge und Tnul- 
ligenz glelchgcmacht, Jeder Verstichspcraon wurtlc cine llnllerle vou Teats 
gegeben, die Mdsio dea GedUcUlnUiinifinRi, ncbcniHcUlidicn OcilHcluniesct* 
dei SpBUungstihlgkeU, und tin PenBnlichVeitBlnveninr umfaiaie; und die 
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Daten wurden f iir kanBtitu (tone lie Typcnunterachiedc untcraijcht. Die 
Ergebeniaae waren ganz negatlv, keinc bcdcutcndcn Diffcrenzen crechicnCn 
durch die Amvendung dicaer cxperimcnlcllcn Method cd. Der Widcrspruch 
zwiachen dicaen Rcaultmcn v.nd denen der dcutschca Forachcr 1st achwcr 
zu eriilaren, ober ca iat moglich, doss gewiase Diffcrertzcn la <lem experi* 
meatellen lind stntistischcn Verfahren sowie die Ausglcichnng der CJruppon 
dafiir verontwartllch aind. Jcdcnfalla nimmt die vorliegsmlc Arbeit, sovreit 
sie geht, Stellwig gegen die Mdglichkeit der Erl/ingung grundlcgendcr 
Typenunterachicde durch die Methoden der cxperimcnlcllcn pjychalogie. 

Ki.iNP.naRa, Ascu UNti Block 
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THE MAJOR PROBLEMS FACING INVESTI¬ 
GATORS OF MANUAL LATERALITY 

Introduction 

The widespread interest in the problem of leftness, 
whether of hand, eye, or of the body as a whole, is 
indicated in the surprising number of articles which 
have been published on the subject in recent years. 
The Psychological Bulletin for February, 1933, pre¬ 
sents a bibliography of 219 articles under the head 
“Laterality of Function,'* happily relieving the present 
writer of the task of extended bibliographical discus¬ 
sion. It does not, however, relieve him of the necessity 
of stating his viewpoint on some of the many aspects 
of this general problem which have direct or indirect 
bearing on the work herein presented, 

Handedness Defined 

If one were to ask a layman to define handedness, 
the invariable answer would be that a left-handed per¬ 
son is one who uses his left hand to do most of the 
things which involve a choice of hands, with a con¬ 
verse definition for the right-handed. This defini¬ 
tion of handedness might be called the preferential 
definition and has been employed in many, probably 
a majority of the investigations which have been made 
to date. There have been, however, some very impor¬ 
tant deviations from this “preferential" definition 
which must be noted. One such important deviation 
holds that handedness is an expression of a fundamental 
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asymmetry nf all the bil.iicr.il bodily structures or 
[unctions. As such, handedness would he an inherited 
characteristic which ought to follow definite laws of 
descent, probably as a Mcndcli.m trait. The prefer¬ 
ential use of one hand is, however, so much a matter 
of training and of cnvironiiicm.il pressures that any 
measures of preferential ha tided nos would not be 
likely to yield results following known laws of in¬ 
heritance, Therefore those who stress the importance 
of the determining of the inherent qualities of hand¬ 
edness unaffected by environment have sought more 
or less indirect methods of measurement from which 
native handedness might be deduced. The chief 
method of indirect measurement has been the deter¬ 
mination of eye dominance on the assumption that eye 
and hand would agree if nature were undisturbed, 
The devices used have ranged in complexity from 
simple sighting tubes to elaborate laboratory apparatus. 
Other indirect methods have made use of the prece¬ 
dence of action or nerve currents. An assumption un¬ 
derlying all indirect methods measuring handedness is 
that laterality, in the natural state, is consistent for all 
bilateral functions. This is a dangerous assumption 
to make since it can not be made subject to experimen¬ 
tal verification. Furthermore, the assumption that eye 
dominance or the precedence of action currents are free 
from environmental influence is not beyond challenge, 
although the amount of influence is probably at a 
minimum in such cases. Some valuable evidence has 
been produced by these methods, but the limitations of 
the laboratory so reduce the number of cases studied 
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that the process of gathering data is a slow and labori¬ 
ous task. 

A third approach which is, in a sense, mid-way be¬ 
tween these two is the measurement of qualitative and 
quantitative differences between the hands (or arms 
or sides) by means of objective tests of skill, muscular 
coordination, or speed. Strength of grip, speed in 
tapping, accuracy in throwing, steadiness in guiding a 
stylus are examples of such tests, The difference be¬ 
tween the two bilateral organs being compared can be 
generalized into some kind of standard score in the 
form of a ratio. Thus expression is given to a superior¬ 
ity that actually resides in one of the organs itself in 
the way of better coordination, better muscle tone, 
stronger muscles, or a combination of all these things. 
This type of test obviously is not free of the environ¬ 
mental influences which those who use some one of 
the indirect means of testing are trying so hard to 
escape, but it does have other very real advantages 
which will be discussed at greater length later in the 
monograph, Handedness defined from this point of 
view, then, would involve the demonstration of actual 
superiority of one hand over the other in some physical 
attribute or skill. 

Three definitions of handedness have been presented: 
(1) handedness consists in the preferred use of one hand 
in habitual performances such as writing, throwing, 
eating, etc; (2) handedness is an innate disposition 
based upon structural or neurological factors deter¬ 
mined before birth, definitely inheritable, probably as 
a Mendelian trait, and can therefore be measured only 
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by some means which will heavily discount the effect 
of environment and training; and f.V) handedness ex¬ 
presses itself n a functional or structural, or both func¬ 
tional and structural, Mipcrimiiy of «»iie organ over its 
complementary organ as measured hy some objective 
lest. The use of any one or all three of these defini¬ 
tions is justifiable so Ion** as (lie writer informs his 
readers what definition lie has in mind. This study is 
chiefly concerned with the first and last of these defi¬ 
nitions. 

Environment vs. Hkukdity 

The problem of environment n. heredity is too im¬ 
portant to pass over without some further discussion on 
it, although it is impossible to go into the matter as fully 
as the importance of the subject would justify. The 
problem is not essentially different in nature from that 
which has raged so furiously in the field of intelli¬ 
gence testing for some years. Furthermore* the end 
result promises to be the same, namely a com promise 
between opposing forces, neither of which can prove 
its point. 

The evidence on handedness as an inherited charac¬ 
teristic comes from several sources. There is the ob¬ 
servation of very young children such as goes on in 
Geseli's Clinic at Yale (5). Gcsell finds that handed¬ 
ness, either left or right, is definitely established at the 
end of the second half of the first year. On the other 
hand M. C. Jones (8) found no preferential choice in 
infants from 80 to 800 days of age tested for thumb 
opposition and reaching. Wellman (12) and Ilein- 
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lein (7) report increase in the superiority of the domi¬ 
nant hand as preschool children grew older. How¬ 
ever, evidence from this source can never be conclusive 
for two reasons: (1) the influence of environment be¬ 
gins at the moment of conception, and (2) handedness, 
calling for a considerable specialization of nerve cells, 
may be a matter of delayed maturation. 

A second source of information is the frequency of 
appearance of left-handedness among siblings, parents, 
grandparents, and other relatives compared with the 
generality. Only one or two studies have been made 
along this line due to the excessive difficulty in obtain¬ 
ing the necessary data. It is almost impossible to go 
back of the grandparents of children now in school. 
Furthermore, it is difficult to assay the effect of the ex¬ 
ample of left-handed parents and older brothers and 
sisters on younger children. Nevertheless, comparative 
studies of relatives, especially large living family 
groups, can contribute much more than they have to 
the evidence on inheritance of handedness. The most 
valuable study along this line is that of Chamberlain 
(2) who questioned a population of 12068. He found 
a significantly greater percentage of left-handedness 
in families in which one or both of the parents were 
left-handed than in families in which both parents were 
right-handed. 

A third source of evidence is the study of identical 
twins. Other biological problems enter to make 
the evidence at this point unconvincing, although this 
would seem to be a promising line of approach. 

A fourth kind of evidence seems to the writer to offer 
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the most effective attack on the problem. This is the 
study of handedness in animals. The handedness of 
rats lias been shown by several studies and the author 
has demonstrated to his own satis/action that it can 
be shown in cats, although the experiment needs to be 
tried again with a larger number of eases. If rats of 
predetermined handedness could lie bred through sev¬ 
eral generations with cnnirol ami experimental groups, 
very valuable evidence might he contributed on this 
point. 

When all the evidence is examined can one say that 
the inheritance of handedness or of laterality of func¬ 
tion is established? It is the writer's opinion that this 
can not he said unequivocally but that the weight of 
the evidence favors inheritance as against purely en¬ 
vironmental determination of functional laterality. 
This is important. The reason for its importance lies 
in the fact that no matter how objective and impartial 
one is in the collection and analysis of data, the inter¬ 
pretation of results is always from the point of view 
of one’s personal bias. The writer believes that the 
occasional advantages ol being left-handed arc so far 
outweighed by the obvious disadvantages that lie would 
recommend the exertion of environmental pressures 
early in the child's life to enforce right-handedness if 
he believed mwoittncRf were I he major causative force 
at work. However, the fact that the weight of the ex¬ 
perimental evidence favors the theory of inheritance, 
in the writer's opinion, plus the fact that leflncss has 
been known to persist in many cases against the most 
strenuous efforts to dislodge it, leads the writer to 
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recommend, rather, that nature be allowed to take her 
course and once that course has become clearly estab¬ 
lished, that environmental pressures should be made to 
reenforce it rather than to oppose it. 

Educational Implications 

The justification of any further discussion of the edu¬ 
cational implications of left-handedness in a mono¬ 
graph otherwise devoted to the presentation and an¬ 
alysis of objective data lies only in the fact that in the 
writer’s mind the reasons for our concern with this 
problem, other than a purely academic interest in an 
interesting research, have not been sufficiently clear in 
the minds of many workers in this field. Somewhere 
in the neighborhood of five in every one hundred school 
children are found to be definitely left-handed by prac¬ 
tically all investigators. Even if we ignore for the 
moment the conclusions of some important investi¬ 
gations to the effect that left-handedness is somehow 
linked with reading difficulty, with stuttering and 
stammering, and with lack of physical coordination, 
there are still the obvious handicaps in the way of phy¬ 
sical equipment designed for right-handed children, 
incorrect lighting for writing and reading, and occa¬ 
sional enforced emphasis on the right hand in skills 
other than writing that make it important to assay the 
handedness of children on wide enough scale to enable 
us to generalize concerning the success with which the 
left-handed child, not obviously maladjusted, is meet¬ 
ing these handicaps. And this, among other things, is 
the purpose of this research. 
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The Purpose and Scope of This Research 

This study makes no use of the indirect methods of 
measuring handedness. Handedness is measured 
chiefly by means of a battery of objective tests, the 
development of which constitutes one. major phase of 
this study. A second major phase is the presentation 
of distribution curves of handedness for each of the 
tests of the battery and for the composite score, which 
is a combination of equally weighted scores obtained 
with the separate tests. A third phase is the develop¬ 
ment of a short criterion questionnaire which might be 
used to select a known proportion of the left-handed 
from another population for further study; and finally 
handedness is related to other characteristics for which 
data were available such as school achievement and 
intelligence, 



II. 

NATURE OF TESTS USED WITH RESULTS 
OF PRELIMINARY TRIALS 

Peculiar Sampling Problems 

The measurement of laterality offers peculiar samp¬ 
ling problems not often met in educational research 
due to the fact that leftness characterizes only a small 
proportion of the whole group. In the case of handed¬ 
ness this proportion seems by general agreement to be 
somewhere in the nature of 5%, while estimates vary 
in the case of eyedness and other bilateral functions. 
Thus one must have a total population of sample of 
one thousand cases to expect a population of fifty left- 
handed children. The necessity of testing the entire 
thousand cases can be avoided, of course, by using some 
arbitrary criterion for the selection of left-handed 
children such as parent's choice or the hand used in 
writing; Haefner (6, pp, 8-11) did this. He surveyed 
roughly a thousand cases in grades four to seven, using 
as his criterion the children's answers to three ques¬ 
tions: “Which hand do you write with?” "Which hand 
do you throw with?” and “Which hand do you reach 
with?" On the basis of the answers to these questions 
plus the teachers' judgment of the handedness of their 
pupils, he chose an experimental population of 68 chil¬ 
dren about evenly divided between boys and girls, and 
matched them with 68 right-handed children of the 
same age, sex and grade. These two groups consti¬ 
tuted his experimental and control groups and all com¬ 
parisons were made between these two populations. 
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The chief drawback in this procedure is that the cri¬ 
terion of selection can not help but definitely bias the 
sample of left-handed children obtained, Thus Haef- 
ncr's study might more accurately be entitled '‘The 
Educational Significance of Left-Handedness Deter¬ 
mined by Writing, Throwing, and Reaching, Plus 
Teachers’ Judgment." If the criterion is fallible, that 
iSj if it docs not select a truly representative sample 
of the left-handed population, any conclusion drawn 
from comparisons so made are faulty, 

Distribution Curves Di-siiuiii.k Outcome 

Other even more fundamental reasons militated 
against using a similar procedure in this research, 
In the first place, it was felt that a highly desirable 
outcome of the study would be n distribution curve 
which would represent handedness as a continuous 
variate ranging from extreme Left-handedness to ex¬ 
treme right-handedness. 

The distribution curve which describes handedness 
has been discussed several times in the literature. How¬ 
ever, many questions concerning this distribution curve 
remain to be answered, justifying much additional 
work along this line, 

In the second place, ambidexterity has been dealt 
with in the studies mentioning it at all as a matter of 
mixed preferential handedness, That is, the subject 
does this act with one hand and that act with the oppo¬ 
site hand, etc. If a continuous distribution of handed¬ 
ness based upon objectively scored tests could he estab¬ 
lished, it would be possible to compare, not only the 
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extremes of leftness and rightness with each other 
but also with a group whose test scores indicated no 
choice of handedness. If such a distribution of scores 
could be related to other data concerning change of 
handedness very important information might be dis¬ 
covered concerning what, in this writer's opinion, is the 
most critical section of the distribution. 

Finally, if a large enough group previously un- 
selected as regards handedness could be studied with a 
battery of objective tests, it might be possible to estab¬ 
lish some criterion which could be expected to select 
the left-handed and ambidextrous cases from another 
unselected population for further study. Accordingly, 
an effort was made to devise a battery of tests and to 
administer them to a minimum of one thousand cases 
over a range of several grades of the elementary 
school, for the following reasons: 

1. To establish the distribution curve of handed¬ 
ness with a series of objective tests. 

2. To establish with greater objectivity the sig¬ 
nificance of ambidexterity. 

3. To establish norms of handedness together 
with a criterion which would reliably select 
cases falling in the three critical ranges of 
the distribution, i.e., the extremes of leftness 
and rightness and the ambidextrous. 

Desirable Characteristics of Handedness Tests 

Such a test battery should meet the following re¬ 
quirements : 
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|, It must be made up uf group tests for the sake 
of speed in accumulating data. 

2. It must be <if known reliability. 

3. It must be a valid measure of handedness not 
in the sense of a high correlation with a crite¬ 
rion so much as in its being obviously a test of 
skill not greatly favoring either hand, but per¬ 
mitting of a fair comparison of the relative 
achievement of the hands. 

4. It must be simple to administer so that persons 
with relatively little training could administer 
the tests. 

5. It must not take so long to administer that it 
would seriously interfere with the daily routine 
of the school, or be greatly affected by the 
fatigue factor. 

6. It must be a9 objective (n score as a good in¬ 
telligence test, 

7. It should be interesting to those taking it in 
order to secure good motivation, 

No claim is made here that the battery of tests fin¬ 
ally used meets all these criteria with equal adequacy. 
As will be seen it obviously does not, but it docs meet 
them with sufficient exactness to justify the use to which 
it was put. 

Natuju; ov Tests Finally Ski,kited 

In surveying the literature on handedness tests, it was 
felt that certain of the tests commonly used in the psy- 
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chological laboratory offered the most promising begin¬ 
ning point. They had been used as handedness tests 
before, though not primarily so, and they were simple 
and objective. The greatest drawback was that they 
were individual tests and as such would be impossible 
to give to the large experimental group being consid¬ 
ered. The tests in mind were the tapping test,, using 
a metal stylus and plate in series with a counter, the 
target board test, and a steadiness test, in which a metal 
stylus is inserted between two converging metal strips 
until an electrical contact is made. 

With this as a starting point an effort was made to 
devise tests along similar lines which would meet the 
criteria stated above. After considerable experimenta¬ 
tion a battery of four tests was constructed and tried 
out in the elementary school of Oyster Bay, Long 
Island. Later a fifth test was added and tried out in 
the same school with the same classes. Figure 1 will 
give an idea of what these tests were like, All pre¬ 
liminary forms of the tests were mimeographed on 24 
lb. mimeograph paper. The first test was called the 
Pin Test because it made use of a large Moore pushpin. 
The test proper consisted of ten lines of the small letter 
o, 15 to a line. The lines were staggered to break up 
any tendency to rhythmic movements. The tests were 
pasted upon double-thick corrugated board, with one 
test on each side of the board, to give sufficient thick¬ 
ness to absorb the blow of the pin and protect the desk 
surfaces, The object of the test was to puncture as 
many of the small circles as possible in the time al¬ 
lowed, which in this case was one minute. The direc- 
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tions were to “make a hole in each circle with the pin, 
Puncture as many circles as possible in the time al¬ 
lowed,” The test was done first with the writing hand 
and then with the non-writing hand. The test was in¬ 
tended to be roughly analogous to the tapping test of 
the psychological laboratory. It was supposed to 
measure the efficiency of the small muscle movements 
of the hand in terms of both speed and accuracy. 

The second test was called the Target Test, and the 
test proper consisted of twenty small, irregularly spaced 
targets as may be seen in the illustration. This was 
also mounted on two thicknesses of corrugated card¬ 
board. The target spear, so called, was the implement 
used in this test. It consisted of a shaft, approximately 
10 inches long and l /i inch square, through which a 
J^-inch dowel was mounted at right angles about a 
quarter of an inch from one end. Approximately two 
inches from the other end was fastened a loop of elastic 
which could be adjusted in size. In operation the arm 
was slipped through the elastic loop until the thumb 
came to the end of the shaft with the fingers on top, and 
the elastic loop was made firm around the upper fore¬ 
arm. This contrivance had the effect of locking the 
wrist so that the movement made in striking at the tar¬ 
gets was a movement of the forearm rather than the 
hand and the larger muscles were called into play. 
Three shots were allowed at each target as the examiner 
counted 1-2-3. The first test was done with the writing 
hand and the second with the non-writing hand so that 
any transfer-practice effect there might be would ac¬ 
cumulate to the advantage of the non-writing hand, 
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This lest was intended to be roughly analogous to 
the target test of the psychological laboratory. (The 
bull's eye of a target counted three, the next circle two, 
and the outside circle counted one. The final score was 
the sum of the scores on the separate targets.) 

The remaining tests of the original battery were all 
variations of a common pattern. They were designed 
to measure steadiness in the same way that the slot test 
measures it in the laboratory. A pencil was used in 
place of a stylus anil the line drawn marked the path 
followed between the lines or ‘Vails” of the test. 

The Line Test was the first one of this type to be 
devised and it followed the thought of the slot test 
literally, It consisted of a series of paired converging 
lines forming various patterns. There were four pat¬ 
terns or units in the test so devised that if the paper 
were kept in the same position all the time, the person 
taking the test would have to draw the lines in a variety 
of directions. The test was scored in nvo ways: the dis¬ 
tance traveled in centimeters to the point where the 
pencil line first touched the side walls or printed lines 
of the test, and the number of such contacts made from 
the point of first contact to the end of the lest, This 
test proved to have unsuspected difficulties in admin¬ 
istration, It was almost impossible to keep the children 
from moving the paper so that they were always draw¬ 
ing the line in one position, usually horizontally. Fur¬ 
thermore, the figures as drawn were ton easy, that is, 
very few subjects made any errors save in the last seg¬ 
ment of the figure and the range of scores was thereby 
so restricted as to greatly reduce the usefulness of the 
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test. While this last-named difficulty might have been 
overcome by redrawing the figures, the difficulty in 
overcoming the tendency to move the paper would re¬ 
main. Therefore a substitute for this test called the 
Square Test was devised, 

The Square Test consisted of a series of eight con¬ 
centric squares with parallel sides. The direction of 
movement was from the outside toward the center, and 
the lines forming the outside square and the one next 
within and parallel made the channel of first degree 
in which the subject’s pencil line must be drawn. An 
opening or gate led to the next inner passageway, which 
was narrower than the first. In a like manner each 
successive passageway or channel gave into another pas¬ 
sageway which was narrower than itself. Thus the 
whole test consisted of seven passageways each more 
difficult to negotiate without error or contact than the 
one preceding it. (See Figure 1.) The test was 
scored essentially the same way as the line test had 
been. There was a power score or achievement score 
analogous to the score for distance achieved without 
error in the line test. Each square was divided into 
twelve equal segments. Of course the segments varied 
in length from square to square, becoming shorter as 
the squares became smaller and more difficult to nego¬ 
tiate without error. The power or achievement score 
for any individual would be the total number of seg¬ 
ments successfully completed. The error score was 
simply the number of errors made, that is, the number 
of contacts made in completing the figure, This test 
proved much more satisfactory to give than the line 
test. 
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The last test of this original battery was the Circle 
Test. It was exactly the same in its fundamental plan 
a9 the Square Test. It consisted of a scries of seven 
concentric circles with varying distances between the 
circles. The starting point of the test was at the 
center and the circles came closer to each other as one 
approached the periphery of the figure. Thus there 
were six channels or steps of increasing difficulty as 
one proceeded front the starling point at the center to 
the end of the test at the exit from the last or outermost 
circle. In scoring, each circle was divided into eleven 
segment. The segment which contained the gateway 
into the next circle was not counted so that the value 
of each circle perfectly done was ten ami the total score 
was the sum of the segments completed without error, 
The error score was simply the number of errors or 
contacts made in completing the figure. There were 
two such series of circles in each test, in one of which 
the direction of movement was clockwise and the other 
counterclockwise. While some difficulty was experi¬ 
enced in having the children keep the lest in one posi¬ 
tion all the time, the chief difficulty in administering 
the Circle Test came in making it clear which direction 
was to be taken in each of the two varieties of circles, 
clockwise and counterclockwise, 

The total test battery of five tests took, in its original 
form, about 50 minutes to give. The children seemed 
to enjoy taking the tests very much indeed. Scarcely 
ever did we leave a classroom without having some 
child ask when we would come to give some more 
tests of the same kind. 
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The Handedness Score 

The test scores so far mentioned have referred to the 
achievement of each hand separately, The problem 
of combining the scores of the two hands into an ac¬ 
ceptable measure of the handedness remained to be met. 
Some studies had used the difference between the raw 
scores. However this did not seem to be a satisfactory 
procedure in this case since the calibration of the sepa¬ 
rate tests was so different that differences in raw scores 
would not have been comparable. A ratio of the left- 
hand divided by the right-hand score was another pos¬ 
sibility, but this would have yielded a zero of unknown 
value whenever there was a 2 ero in the numerator 
of the ratio. It would have other disadvantages also 
which may be more visual than real in a statistical 
sense. For example, a score of .25 would have meant 
that the score for the left hand was % that of the right 
hand or that the right hand was four times as efficient 
as the left in that particular test (unless the score being 
dealt with was a score of errors, when the reverse would 
be true,) When the score for the left hand was four 
times as great as the score for the right hand, however, 
the ratio would be 4.00. This score of 4,00 would 
represent the same degree of left-handedness as a score 
of .25 would represent right-handedness, but the two 
look so different that it would be difficult to visualize 
this as being the case. 

The scoring scheme finally decided upon may be 
, f R—L 

expressed by the formula -where R and L 

R+L 

stand for the scores of the right and left hands respec- 



248 


WAUUR. S'. lil'W*»sr 


tivdy. In (he case of (he error scores obtained in the 
last three teals of the battery the order of scores in the 


numerator was reversed 


i, k 

..- -.so dial a negative 


R J I, 

score always represented left-handedness. Using this 
formula the range of scores was limited lo the values 
from minus one to plus one; a zero score means ambi¬ 
dexterity, that is, no choice between the performance 
of the right and the. left hand. Any given score indi¬ 
cates the same amount of left-handed ness ns the same 
score would mean right-handedness if the sign were 
changed, that is, a score of —.2J» means the same pre¬ 
ponderance of the left hand over the right as a score 
of -l-.25 would mean a preponderance of right hand 
over left. 

Expressed as a definition, the handedness score used 
in this study is the proportion that the difference in 
achievement of the two bands is to the total achieve¬ 
ment on a given lest, represented liy the mm of the 
scores of the two hands. 

The computation of these ratios for a large number 
of cases where a battery of four or five tests is used 
represented no small task, In the hope that some short¬ 
cut could be found the writer took ill is problem to Dr. 
Jack W. Dunlap, co-author of the Handbook of Sta¬ 
tistical Nomographs, Tables, and Formulas (3). The 
result was the nomograph which is reproduced in 
simple form in the Appendix. A larger form, oper¬ 
ated by two people, very quickly gave the desired 
values with any numbers up to 300. It proved to be 
a very great time saver and the writer is very glad to 
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acknowledge his indebtedness to Dr, Dunlap for this 
contribution. 

The method of scoring the Line, Square, and Circle 
Tests to get a so-called “power” or achievement score 
was used because a small proportion of the children 
made “ao-error” or perfect scores with the dominant 
hand. The resulting zero score when combined with 
the score for the other hand in the formula for the 
handedness ratio always gives a ratio score of 1.00, 
either plus (right-handed) or minus (left-handed). 
Strictly interpreted a ratio of one should mean almost 
complete inadequacy of one hand with very unusual 
superiority of the other. However, when a zero score 
with one hand was paired with a score of one or two 
errors for the other hand the resulting ratio of 1.00 
entirely misrepresents the facts. What should be con¬ 
sidered logically as practically equal achievement on 
the part of both hands is represented by a score which 
stands for exactly the converse, he,, extreme preference 
of one hand over the other. A score of no errors should 
be a very rare occurrence. Fortunately, it is relatively 
rare. However, whenever it does occur, there is prac¬ 
tically a misrepresentation of fact in the resulting 
ratio of 1.00 except when the error score with the other 
hand is fifty or more. This may be seen from the fol¬ 
lowing illustration if it is granted that a score of zero 
errors and a score of one error do not represent very 
different amounts of skill. A score of one error with 
the right hand and a score of fifty errors with the left 
hand yield a ratio of .96. 


I 50—1 
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A score of one error wiih one hand and a score of 
IQQ errors wiih ilic other yield a rnliu of ,98; and it 
requires a score of one error with one hand and 200 
errors wiih the oilier to yield a ratio of .99. 1 

No REUAD 1 UTY COKmCIKXTS urn Phf.uminary 
Tests Availaiu.i- 

The tests of this first battery were not planned to 
permit the computation of reliability coefficients by 
the split-halves method, since the original intention 
was to retest the same group with the same battery 
and thereby get an estimate of the reliability of the 
tests. The first testing was done in the late spring, 
shortly before the schools closed for the summer. In 
the fall the pressure of work in the school system was 
so great that the superintendent in charge did not feel 
justified in permitting so much additional time to be 
tnken with this retesting where the immediate benefits 
to the school or to the children were felt to be so negli¬ 
gible. Since revisions of various kinds had been sug¬ 
gested by the experience gained with the tests, it was 
not felt that a testing and retesting with the old bat¬ 
tery in a new locale for the sake of getting an estimate 
of the reliability of the battery was worth while, It 
was possible to get a reliability coefficient of the Tar¬ 
get Test by the split-halves method and this, although 
lower than at first hoped for, was high enough to justify 
further experimentation. No attempt was made to 

dealing with file handedness ratios throughout ilie remainder 
of tins study decimal points have been omitted and the rnlios have 
been treated ns whole numbers Hinging from —100 to -h 100. 
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validate the battery in this preliminary form with any 
other criterion such as a questionnaire study of hand 
preference or teachers’ judgment of handedness. There 
were six children out of the 194 who completed all 
five forms of the test who were habitual left-handed 
writers. A composite score for the five tests of the 
battery, weighted upon the basis of the standard de¬ 
viation of each test so that each test had a weight of 
one in the total, gave left-handed scores for each of the 
six. However, the number of cases is so small that no 
great importance is attached to this. 

Analysis of Oyster Bay Data 

The experimental population used in trying out these 
preliminary forms of the handedness test battery was 
comprised of eight classes in the Oyster Bay Public 
Elementary School. The following gives the distri¬ 
bution of classes and the number of children in each 
class: 

Grade 4A 5A 5B 5C 6A 6A, 6B 6C All grudea 

Number of 

caaes 23 23 32 27 2 6 25 25 23 204 

The school is of very high average in respect to the 
progressiveness of the school plant and the methods of 
instruction used. Cooperation from school officials 
and teachers in administering the tests was all that 
could be asked for. 

The data presented in the remainder of this section 
are included chiefly to afford a comparison between the 
showing of the tests in the preliminary form with that 
obtained with the later revised forms and is not in¬ 
tended to be used as the basis for conclusions better 
drawn from the more extensive data later collected. 
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Table 1 givca the distribution of the Handedness 
Ratios for each of the five tests, For the Line, Square, 
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and Circle Tests the results of both the error and the 
power method of scoring are shown, 

TABLE 2 

Handedness Test Battery Given in Oyster Bay Public 

School 

N=194 


Test 

Median 

Mean 

Sigma 

Dotting (Pin) 

19.7 

IB.42 

1Z.7 

Target 

7.1 

7.40 

B.O 

Line power 

10.4 

10.39 

S.6 

Line error 

44,1 

44.31 

22.5 

Circle power 

1 6.6 

16,84 

14.3 

Circle error 

56.6 

52.18 

27.0 

Square power 

12.9 

16.32 

27.9 

Square error 

42,4 

37,12 

29.3 


It is obvious from Table 2 that there is considerable 
difference from test to test in the variability or spread 
of the scores. The S.D.'s given in Table 2 strengthen 
this impression, varying as they do from B.O in the 
Target Test to 28.3 in the Square Test, error method 
of scoring. 

The means of the distribution also vary widely from 
the 7.40 of the Target Test to 52.18 for the Circle Test, 
error method of scoring. All the mean handedness 
ratios are positive but there is a wide difference in 
the amount of hand dominance represented by a mean 
score of 7.40 and mean score of 52,18. A certain amount 
of this difference is due, no doubt, to the nature of the 
scoring methods since two different methods of scoring 
are used. 

Comparing medians and means we find that three 
of the distributions, those of the Dotting Test, the Cir¬ 
cle Test, error scoring and Square Test, error scoring, 
are negativel^skewed, i.e., the medians are larger than 





. 25+ 




the means and only in one test, the Square Test, power 
scoring, is there a noticeable skewness in the positive 
direction, 

Since the reliability of these tests is unknown and the 
number of eases, l r H, h relatively small it would not 
do to stress these comparisons very much. It will be 
interesting to note, however, to what extent the impres¬ 
sions given here arc home out in the later forms o( 
the tests with larger number of cases, 

TA1J1.K 3 

Intbrcqrrelations HBfwiRN Handeuness Tests 
in Pahliminaay Hattery (jivkw in 
Oyster Hay P uiii.il* School 
N 25 191 
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Table 3 gives the intercorrelations of these original 
tests. The three coefficients which arc italicized are 
the correlations between the error and power method 
of scoring the Line, Square, anti Circle Tests. It is 
significant to notice that these three coefficients are 
higher than most of the other coefficients given and 
that the error method of scoring the Line, Square, and 
Circle Tests shows higher iruercorrelations on the 
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whole than the intercorrelations between the Target 
and the Dotting Tests with the rest of the battery. Here 
again, the fact that the reliability of the tests is un¬ 
known greatly reduces the value of any conclusions that 
might be drawn from the intercorrelations given. 2 

2 The casual reader may find it helpful, either at this point or at 
the end of Section XII, to turn to the last section, which summarizes 
the specific aims of the study and the degree to which they have been 
achieved, and makes suggestions for further investigations along this 
line. 



III. 

REVISION OF THE TEST MATTERY AND 
ADMINISTRATION OF THE REVISED 
BATTERY 

Nature of Test Revisions 

The administration of the tests in their original form 
at Oyster Bay revealed no administrative difficulties 
invalidating this method of testing with the exception 
of the Line Test, which was discarded. The revisions 
in the tests and in the administrative procedure indi¬ 
cated by this preliminary experience were largely in 
the nature of refinements of the tests and lest directions 
and changing the forms of the tests slightly to permit 
the calculation of reliability coefficients from split- 
halves. The nature of the tests is such that this pro¬ 
cedure seemed to be the most satisfactory method at 
well qb the most convenient way of obtaining an esti 
mate of reliability. 3 

Figure 2 shows the tests in their final form. Th< 
Treasure and the Escape Teats were reproduced by 
photographic offset process to give clearer definite 
of line, and the others mimeographed. 

In the case of the Target Test the revision consiste 
chiefly of greatly increasing the length of the test s 
that it includes not twenty but sixty targets. There ar 
ten targets to a line and the first half and second haJ 
each have three lines, In practice the two halv< 
were separated by a short rest period which was als 

fi Sce (1) for excellent discussion of the split-halves method of o 
taining reliability coefficients, 
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valuable because it permitted mlimlUm in the cases 
where misunderstanding persisted as to the procedure 
to be followed. The test directions were not altered 
except to emphasize more strongly the points at which 
misunderstanding had previously been noted, A metro¬ 
nome was introduced so that the counting lor this test 
would be uniform lor all classes, 

For the Pin Test the revision was also one of length¬ 
ening the test greatly. From ISO circles arranged as 
one continuous unit, the number of circles on the page 
was jumped to 600 in six trials of K10 circles each, 
The time allowed for each trial was +5 seconds, deter¬ 
mined by giving the tests to a small group of adults 
so as to ascertain the longest possible time which could 
be allowed for each trial with a minimum of completed 
tests. This lime limit proved to be very satisfactory in 
practice, Only n comparatively small number of chil¬ 
dren ever completed a trial with anywhere near perfect 
accuracy, In this test there was a question whether 
the factor of speed was to be stressed at the expense of 
accuracy or vice versa. Nothing in the preliminary 
testing threw any great light upon this point so the 
two factors were emphasized just as equally as possible 
and the final decision as to the procedure in scoring 
was left to be made on the basis of the relative relia¬ 
bility coefficients obtained by the two methods, i.e., 
by counting only the responses where the pin puncture 
was definitely on the line or within the circle versus 
counting the total number of responses made. 

In the place of the corrugated cardboard used to 
mount the Pin and Target Tests in the preliminary 
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phasis in the test directions upon the fact that there 
were to be three shots at each target took care of most 
of the cases where misunderstanding might have oc¬ 
curred. 

In the Pin Test, because of the simplicity of the pro¬ 
cedure, it was not felt necessary to have any trial period 
and this conclusion was justified by the experience of 
giving the tests. This was by far the easiest test to 
administer, but the one which was liked the least by the 
children. 

A trial test was not possible in the case of the Treas¬ 
ure and Escape, due to lack of space on the paper and 
also the lack of time. To offset this, large copies of 
these tests were made by a photostatic process (30 x 20 
inches) which were used to demonstrate the exact pro¬ 
cedure. This procedure was adopted after trying a 
large hand-drawn duplicate upon which the procedure 
was illustrated without any lines being drawn. How¬ 
ever, this proved to be much less effective than the large 
copies upon which the children could actually see the 
examiner doing the thing which he required of them. 

Problem of Finding Experimental Populations 

The problem of the locale in which the experimenta¬ 
tion was to be carried on for the larger number of cases 
necessary after the preliminary forms of the test had 
been given, analyzed, and revised, was, as it usually is, 
a vexatious one. The schools within the New York 
metropolitan area have certain very definite advan¬ 
tages and also certain very definite disadvantages so far 
as research of this type is concerned. They have the 
advantage of nearness and of being, in many cases, 
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research-minded enough tu welcome experimentation 
even though they do not reap an immediate benefit 
from the work done in the schools. They have the 
grave disadvantage more often than nm of being high¬ 
ly selected in one or more directions. Io>r example, a 
school in or near Harlem or certain parts of Brooklyn 
may have a very large proportion of its population 
drawn from the colored race; or n school in a selected 
residential district will have a disproportionately 
large share of highly gifted children. On the other 
hand, schools outside of Metropolitan New York, 
which have a more heterogeneous and balanced popu¬ 
lation, are often trying out various new methods of 
their own involving research, or are more deeply in¬ 
volved in other outside affairs so that they do not wel¬ 
come outside experimentation. The three schools in 
which this work was finally carried nut were within 
the metropolitan area and shared the disadvantage in 
differing degrees of having a large proportion of 
Negro and foreign pupils. In one school, the average 
intelligence was distinctly below normal, and in the 
other two approximately normal. Another disadvan¬ 
tage in testing in the New York City schools is the 
crowded conditions often encountered, but the splendid 
cooperation of both administration and pupils, in prac¬ 
tically every ease, did much to minimize this diffi¬ 
culty. In P.S. 42, Brooklyn, thirteen classes in grades 
4, 5, and 6 were tested; in P.S. 44, Brooklyn, ten classes 
in grades 4 to 8, inclusive, were tested; and in P.S. 43, 
Manhattan, twelve classes in grades 7, H, and 9 were 
tested. 
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Scoring the Tests 

In scoring the tests a good deal of trial and error 
experimentation had to be resorted to in order to de¬ 
termine the most effective procedure. 

In the Target Test the plan of assigning a score of 
three to the bull’s-eye, two to the next ring, and one 
to the outer ring was used, both in the preliminary 
test and in the final test. The chief problem here, 
which seemed beyond administrative control, was to 
regulate the strength of the blow with which the child 
hit the target board. There seemed always to be a 
small minority who would strike with such force that 
the wooden part of the stylus would be driven into the 
target board, while, at the other extreme, there was a 
small minority who would strike so lightly that the 
abrasion made by the target spear would be hardly 
perceptible. To aid in scoring the tests where the abra¬ 
sions were faint, a mimeoscope, such as is used in mak¬ 
ing tracings or cutting stencils, was used effectively. 
To aid in scoring the Treasure and Escape Tests, a 
large reading glass was mounted on a flexarm, such as 
one finds in a goose-neck desk lamp, which was, in 
turn, mounted upon a wide board, This permitted the 
adjustment of the glass at any angle and greatly facili¬ 
tated the inspection of these tests while diminishing 
the eye strain necessarily attendant upon such minute 
work as checking and counting the number of times 
the line drawn by the child touched the printed line of 
the test. 

In the case of the Pin and Target Tests there was 
the problem of determining the two halves of the tests 
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in such a way that they would be as nearly as possible 
equivalent forms, For the Escape and Treasure there 
was the problem of the method of scoring to be used. 
In II the so-called power method of scoring was 
described. This was essentially a method of counting 
units or segments of work accomplished without error, 
In the ease of the Treasure Test some arbitrary unit, 
such as the centimeter or some fractional part of an 
inch, might have been used without much difficulty, 
but this would have been very difficult in the case of the 
Escape Test. Chiefly, therefore, to have a type of 
measuring unit common to both tests, the proportional 
distance method was devised. By this method, each 
level of difficulty for both the Treasure and Escape 
Tests was divided into len equal units. These units 
varied in absolute length while being alike in propor¬ 
tional length willi any particular level of difficulty as 
the reference point. For the easier levels of difficulty, 
the absolute length of the unit was less, tending slightly 
to equalize the chances of making an error from the 
easier levels of difficulty to the harder. This ten¬ 
dency appeared to be good since a cursory examination 
of the completed tests showed that by far a majority of 
the errors made came in the last or highest level of 
difficulty. Having decided upon the basic method of 
scoring, the next problem was to choose the point of 
reference to which the scoring plan would be directed, 
If the number of perfect segments lip to the first error 
were to be taken as the score, the chance errors would 
be likely to be large. Therefore, as one point of refer¬ 
ence, the second error made by the child was taken and 
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the number of segments up to but not including that 
segment which contained the error was called that 
child's score on that test. Lest this should not give 
great enough stability, the median error was also tried 
out as the point of reference, The obvious method of 
counting the number of errors made was the third tried 
out. The chief drawback of this last-named method 
was that a score of no-errors in one hand gave a mis¬ 
leading ratio of handedness in many cases. (See Sec¬ 
tion II.) 

Scoring Methods Tried Out 

Having these various scoring possibilities to test out, 
three classes from the first school tested were selected as 
a group for preliminary study. Classes with mean 
I.Q.’s as near as possible to 100 were chosen in order 

TABLE 4 

Reliability Coefficients for Limited Numder of Cases in 
Grades 5 and 6 According to a Variety of 
Scoring Methods 


Test 

[/□corrected 

Corrected 

Index of 
reliability 

N 

Target Test 

Lines 1, 2, 3 vs. 4, 5, 6 

.5 J 9 

.683 

.826 

119 

Lines 1, 3, S vs. 2, 4, 5 

.594 

.745 

.R 63 

119 

Pin—all 

.682 

,6 ft 

,901 

132 

Pin—accuracy 

.717 

.B35 

.914 

112 

Escape Test 

Power—median error 

.13D 

.230 

.480 

109 

Power—-2nd error 

.307 

.470 

.684 

109 

Number of errors 

.511 

,677 

.S07 

109 

Treasure Test 

Power—median error 

.060 



112 

Power—2nd error 

,271 

.426 

.653 

112 

Number of errors 

.438 

,609 

.780 

1L2 

Treasure—Escape Test 

Power—2nd error 

,437 

,60B 

.780 

ID1 

Number of errors 

.513 

.679 

.823 

131 

Composite scores 

.701 

.824 

,908 

97 
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that intelligence might not he a disturbing factor. 
This gave around a hundred eases, the number varying 
slightly from lest in test, Table 4 gives the reliability 
coefficients for cadi test scored by the variety of 
methods outlined above. From this table it will be 
seen that, in the ease of the 'Target Test, lines 1, 3, and 
5 «/. 2 f 4, and 6 make a better division of the test in the 
sense that they yield a higher reliability coefficient. 
Therefore this method of division was chosen. 

In the case of the Tin Test the method of counting 
only those responses which were accurate in the sense 
that the puncture was either tin the line or inside the 
circle gave the higher reliability coefficient, although 
the difference was small. This method of scoring the 
Pin Test was therefore adopted. In either of these 
cases, the differences were not so great as to cause the 
elimination of the method if there had been other good 
reasons why it should have been adopted. Such rea¬ 
sons were not found, however, so the size of the re¬ 
liability r’s was taken as the criterion. 

In the ease of the Treasure and Escape Tests, it is 
obvious that there is a great difference between the 
reliability of the various methods of scoring tried out. 
The power-score method proved so definitely unreli¬ 
able that if this had been the only method of scoring 
these tests they would have bail to he thrown out, The 
number-of-errors score was distinctly better than either 
of the power scores and compared favorably with re¬ 
liabilities obtained with the other tests, All the 
reliability coefficients were lower than hoped for, but 
were felt to be high enough when corrected for the 
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full length of the test by the Spearman-Brown Pro¬ 
phecy Formula to justify the use of the tests as group 
measuring instruments to yield mass data, but not 
valuable for individual diagnosis. It was hoped that 
higher reliability coefficients would be obtained when 
more, and more typical or more normal populations 
were tested. The very low reliabilities obtained with 
the power method of scoring probably were the fault 
of the tests rather than the scoring scheme since they 
came from the greatly restricted range of scores ob¬ 
tained by this method of scoring. If the levels of 
difficulty below the last level had been harder so that 
errors would have been more widely distributed in¬ 
stead of being concentrated in the last level of diffi¬ 
culty, this method of scoring would have been much 
more reliable, and probably quite satisfactory. 

Since the Treasure and Escape Tests seemed on the 
surface to be very similar in the thing or skill they 
measured, it was decided to try combining the two 
tests into one test to see if this would yield a' higher 
reliability coefficient. Table 4 shows that this coeffi¬ 
cient was only slightly larger than that obtained for 
the Escape Test alone, so it was concluded that a com¬ 
bination of the two tests would be of doubtful ad¬ 
vantage. 

It was necessary, however, to combine all scores for 
all the tests of the battery into one composite score 
which could be taken as the final handedness score for 
each individual, to be used especially when it was de¬ 
sired to epitomize the handedness of an individual in 
relating it to other variables, such as intelligence, school 
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marks, etc. Since each lest was as valid a measure of 
handedness as each other test., so far as could be seen 
on the surface, the best composite score would be one 
which was influenced equally by all the tests. There* 
fore, since the standard deviations varied widely, the 
tests were weighted roughly in proportion to the Eize 
of their S.EVs. By this criterion the Treasure and 
Escape Tests each had a weight of one, the Pin Test 
a weight of two, and the Target Test a weight of four. 
The reliability coefficient of this composite score for 
the 97 cases, where the tests were complete, was found 
to be .701, uncorrcctcd, a value distinctly higher than 
the reliabilities of the several parts from which it was 
derived, with the exception of that of the Pin Test. 

Reliability Coefficients for Larger Grouts 

Having decided upon the methods of scoring to be 
used, the remainder of the tests was corrected and 
reliabilities were calculated for a total group of 18 
classes, involving six grades from four to nine, inclu¬ 
sive, three classes to each grade. 4 These data arc pre¬ 
sented in Tnble 5. From this table we see that all the 
corrected reliabilities arc higher than .80 with the 
exception of the Treasure Test, The Index of Re¬ 
liability, an estimate of the highest reliability which 
can be expected from any test in its present form, is 
higher than ,90 for every test but the Treasure Test, 
for which it has a value of .87. These results were 


4 In a Inter nr tide the reliabilities will be presented separately for 
each grade of the six grades studied here. 
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TABLE 5 

Reliability Coefficients of Each Test of the Battery 
and the Composite Score** 


Test 

Un corrected 

Corrected* 

Index of 
reliability 

N 

Target Test 

.702+ 

,8252 

.9084 

66 3 

Pin Teat 

.8102 

.8951 

.9451 

651 

Escape Teat 

.7296 

,8437 

,9185 

619 

Treasure Test 

.6115 

.7589 

.8711 

632 

Composite score 

.8330 

.9089 

.9534 

651 


••Reliabilities for a grade range from four to nine inclusive, three classes 
for each grade. 

•Spearman-Brown Prophecy formula used to predict reliability of whole 
test from the correlation of halves. 

considerably better than expected on the basis of the 
trial reliabilities for 100 odd cases discussed above and 
were considered satisfactory for the purposes for which 
the tests were devised. 

Further Discussion op Test Validity 

The question of the validity of the tests was dis¬ 
cussed at some length in Section II when the pre¬ 
liminary forms of the tests were described. The extent 
to which a test offered equal opportunity to either hand 
without bias was suggested as the most satisfactory 
criterion of validity. The degree of correlation with 
some other measure of handedness was considered as of 
very doubtful value since no satisfactory measures of 
handedness were known, The criterion of equal op¬ 
portunity should apply to: 

1. Equipment. 

2. Process or procedure involved in taking the test. 

3. Physical environment in which the tests were 
taken. 

4. Mental hazard. 
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Of course it is impossible to reduce the degree to which 
the tests meet the criterion of equal opportunity for 
each hand to anything sn objective as a coefficient or 
ratio, but an analytic discussion will be undertaken 
with the hope that an unbiased judgment may be 
reached. 

I. Equipment. The equipment used in the Target 
and the Pin Tests was entirely novel to the children 
and was as well adapted to one hand as to the other. 
In the Treasure and Escape Tests the use of a pencil 
raises the question whether the effect of the writing 
habit might not be especially strong in favor of the 
writing hand. There can be no doubt that the writing 
habit did affect these two tests somewhat; however no 
claim is made in this study that handedness was meas¬ 
ured apart from the influence of environment, but sim¬ 
ply that existing handedness, due either to innate dis¬ 
position or to habit patterns, was reduced to a ratio 
which would be relatively the same for equal amounts 
of left-handedness and right-handedness, although op¬ 
posite in sign. This would permit the plotting of a 
continuous curve with all degrees of handedness repre¬ 
sented. It is felt that it is just as impossible to separate 
the effect of environment from the effect of inheritance 
in the measurement of handedness as it is in the meas¬ 
urement of intelligence, and any information to be 
obtained concerning the inheritance of handedness or 
laterality must come from the study of growth curves 
and the study of laterality in animals, 

2. Process, In the Target and Pin 'Pests the direc¬ 
tion of movement was from right to left for both the 
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right and the left hands. There has been some discus¬ 
sion in the literature to the effect that the natural move¬ 
ments of the hands are excentric, but not much evi¬ 
dence has been produced to substantiate this claim. On 
the contrary, through long-established habits, both the 
left- and the right-handed are accustomed to work on 
paper from left to right, and it was felt that this direc¬ 
tion of movement would interfere least with the 
achievement of either the left or the right hand. 

3. Physical Environment. The fact that the class¬ 
rooms in which the tests were given were nearly all of 
the conventional type with fixed seats and left-wall 
lighting made it impossible to make any adjustments as 
to lighting for the left-handed children, Therefore, 
it is possible that the left-handed were under some 
slight handicap in this respect, although the importance 
of the handicap does not appear to be very great. Since 
their dominant hand was the one handicapped, the 
effect would be to decrease the score of this hand while 
the right and non-dominant hand, working under op¬ 
timum conditions, might do better than expected. This 
would tend to bring the scores for the two hands 
nearer together and reduce the handedness ratio in the 
direction of ambidexterity. For the right-handed, 
however, the poor lighting would handicap the non¬ 
dominant hand, increase the difference between the 
scores, and make for a larger handedness ratio. It was 
not possible to evaluate the importance of this factor 
experimentally, but it was felt that the desire to accom¬ 
modate or overcome this lighting handicap would 
probably offset the effect of bad lighting sufficiently 
to permit us to ignore it. 
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4. Mtninl Hazard. For some the attempt to do 
anything calling for relatively dose coordination with 
the non-dominant hand resulted in such a low degree 
of success compared to the success achieved in the same 
task with the dominant hand, that emotional blockings 
occurred. This seemed especially true with children 
of low intelligence. Usually, however, a word to the 
effect that this was a test intended to show up the dif¬ 
ferences between the hands was sufficient to relieve this 
difficulty. Although all four tests were somewhat af¬ 
fected by this factor, the Escape and Treasure Tests 
were the ones which most often caused it. 


Effect of Vision Unknown 

The effect of vision upon the test results is ail un¬ 
known factor. Visual acuity records were taken from 
the school data but are probably so unreliable that they 
arc of little value, However, these data arc to be 
analyzed later and the results reported in a separate 
article. A cursory examination indicates that the high 
proportion of 20/20 vision in both eyes will make this 
a negligible factor so far as its effect upon the statistics 
reported in this monograph is concerned. 



IV. 

THE LEFT-RIGHT CRITERION QUESTION¬ 
NAIRE 

The Preferential Method of Measuring Handed¬ 
ness Analyzed 

Many, if not a majority, of the handedness studies 
made in this country have attempted to measure 
handedness by determining the preferred hand in a 
series of performances such as throwing, reaching, 
writing, etc. Strength of preference has been deter¬ 
mined by the proportion of those acts done with the 
dominant hand. 

In some cases the actual performances have been 
used in testing for hand preference but in many cases 
some kind of questionnaire has been the means of se¬ 
curing this information. Such a method has the ad¬ 
vantage of being a very easy way of collecting data but 
suffers from some very real disadvantages. While 
strength of hand preference may be roughly deter¬ 
mined by the proportion of acts performed with the 
dominant hand such a proportion could never be con¬ 
sidered an adequate or precise measurement for several 
reasons. In the first place, the major assumption, that 
any performance involving a choice of hands is equally 
as valid as a measure of hand preference under all 
conditions as every other performance involving such 
a choice, is obviously false. Carrying a weight, for ex¬ 
ample, can not be as good a measure of hand preference 
as throwing a ball at a target because success in the first 
case requires only strength enough to carry the object 
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and the difference in strength between the hands is so 
slight that if a person were able to carry an object in 
one hand he could, with very little less case, carry it 
with the other if there was any reason if) do so. On the 
other hand, throwing a ball with accuracy at a target 
involves such elements of skill ami precision that the 
person who could do ns well with one hand as with 
the other would be very exceptional. In the second place, 
the material set-up often predisposes one toward the 
use of the right hand even though one is naturally in¬ 
clined to use the left. For example, even left-handed 
people shift gears with the right hand because the gear¬ 
shift lever is placed at such a disadvantage that the left 
hand could be used only with the greatest difficulty, 
It may be said that this is an extreme example and that 
such a question would not be used in a scale intended 
to measure hand preference. Another example may 
serve to illustrate the fact that this differs only in being 
more extreme than many questions which arc used. 
Foe instance, it is not at all uncommon to find the ques¬ 
tion "With which hand do you throw a ball?" included 
in such a scale, and yet it is very difficult for a left- 
handed ball player to buy a glove to fit his right hand 
so that his left will be free for throwing. In the third 
place, the immediate situation may influence the choice 
of hands, when under different circumstances a differ¬ 
ent choice would be made. For example, if one were 
shaking hands with a man who had lost his right arm 
one would be likely to use the left hand although in 
almost any other situation the right hand would be 
used. 



GROUP TESTS OF MANUAL LATERALITY 


275 


The illustrations used may not be especially fortu¬ 
nate but will serve if the point is made clear that, as a 
method of getting a precise and accurate estimate of 
the strength of manual dominance or superiority, the 
method of using the proportion of a series of acts per¬ 
formed with the dominant hand is very unsatisfactory. 

Development of Handedness Criterion Valuable 
By-Product 

On the other hand almost any other method that has 
been suggested in the literature to secure a quantitative 
handedness score involves such labor as to make its use 
well nigh prohibitive unless some means is hit upon to 
segregate those who have left-handed tendencies. In 
other words, to measure the handedness of a large un¬ 
selected population when it is known before hand that 
better than 90% of them will be right-handed when the 
chief purpose is to study the ways in which left-handed 
or ambidextrous people are atypical is an expensive and 
wasteful procedure. Only in the one case where it is 
desired to study the distribution curves of handedness 
with an unselected population is such a procedure jus¬ 
tified. A valuable by-product of such an investigation 
of distribution curves, however, should be the develop¬ 
ment of some easy method of selecting those individuals 
from a large random population who have left-handed 
or ambidextrous tendencies. 5 

“Since the effectiveness of the criterion which we propose to set 
up is to be tested against the findings of the test battery already de- 
scribcdj it is necessary to consider now at what point the line shall be 
drawn dichotomizing our distribution curves into left-handed and 
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Such a criterion should have the following charac¬ 
teristics : 

1. It should be as objective as possible. 

2. It should require very little time to give and less 
to score. 

3. It should be of known reliability. 

1 It should be of known efficiency in selecting out 
those individuals who will fall into the ambidex¬ 
trous and left-hand sections of the distribution of 
handedness when some more adequate methods 
of testing arc applied. 

Nature op Criterion Selected 

It was for the purpose of developing such a criterion 
that the L-E-R Criterion Questionnaire was designed 
and the degree of success in thus accomplishing this 
purpose may be judged by the data presented in this 
section. 


right-handed groups. This is necessary because our tests yield n con¬ 
tinuous carve with all degrees of dominance represented. The ob¬ 
vious point nt which to cut the curve is at the zero or no-handedness 
point and if the tests were 100% reliable this would be possible. 
Since they tiTe not even approximately 100% reliable, it is necessary 
to allocate, a range plus and minus from the point of zero handed¬ 
ness as a sort of no*handcducss area ar area of ambidexterity, and all 
the scores above tills range will be considered right-handed scores, 
while all scores below this area will be considered as left-handed 
scores. In order that the choice of this range or area should not be 
purely arbitrary the probable errors of measurement were calcu¬ 
lated, and the aren roughly one 1\E. of measurement plus and minus 
from zero is called the range of ambidexterity. 'This range is variable 
from test to test and is only approximate since the roughness of group¬ 
ing makes it impossible to apply the criterion precisely. The. data 
concerned arc presented in Section V in connection with the dis¬ 
cussion of distribution curves and will be discussed at greater length 
at thnt point. 
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The following ten questions were chosen, eight of 
which concern habitual unimanual acts ordinarily per¬ 
formed under such circumstances as would be least 
likely to influence the choice of hand used. The other 
two questions involve the subject’s own judgment of his 
relative achievement in strength and in reaching, two 
measures of manual laterality very commonly used. 

L-E-R Criterion Questionnaire 

We want to find out which hand you usually or habit¬ 
ually use to do certain everyday things which we all do. 

In answering each question, put a circle around one of the 
letters to tell us which hand you most always use. R 
stands for Right Hand. E stands for Either Hand. L 
stands for Left Hand. For example, suppose the ques¬ 
tion is: 

With which hand do you write? L E R 

If I were answering that question I would put a circle 
around R—like this: 

With which hand do you write? L E (R) 

If I could write just as well with one hand as with the 
the other, I would put a circle around E which stands for 
Either Hand —like this: 

With which hand do you write? L (E) R 

If I wrote with my left hand, I would put a circle around L 
like this: 

With which hand do you write? (L) E R 

Answer each of the questions by putting a circle around 
one and only one of the letters. If you are not sure, make 
a guess. 

1. With which hand do you hold a jack¬ 
knife or paring knife? L E R 

2. With which hand do you write? L E R 

3. With which hand do you throw a ball? L E R 

4- With which hand do you erase the 

blackboard ? L E R 

5. With which hand do you shoot marbles ? L E R 
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6, With which h»ml do you usually 

brush your tccih? L E H. 

7, With which hand d<* you draw or 

point? b E R 

8, With which hand can you reach higher? b E R 

9, With which hand do you unislly hold 

a glass or cup, when drinking? L E R 

10, Which hand do you dunk in sinmger? 1/ E R 

Considering the questionnaire in the light of the four 
desirable characteristics outlined above: 

I. Is il objective? No questionnaire can ever be 
considered entirely objective since each question must 
receive a subjective answer. It can be objective, how¬ 
ever, in the sense that the questions asked may be so 
definite and so unambiguous and so much a matter of 
fact, rather than opinion, that the answers to the ques¬ 
tions will correlate highly with the performance in 
whose place they stand. With a much longer and more 
complicated list of questions Koch, cf <\l (10) found a 
very high degree of agreement between actual perform¬ 
ance and questionnaire response. To be sure their 
experimental group was made lip of mature individuals 
and not children, but on the other hand their list of 
questions was much more complex and difficult to an¬ 
swer. 

2, Is il quickly given and scored? The question¬ 
naire requires less than five minutes of class time to 
give so does not interfere to any appreciable extent with 
the classroom program. It is also very simple to score. 
As seen in the reproduction of the questionnaire given 
above each question could he answered either left, 
right, or either, the last-named category being dc- 
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signed to take care of those cases where the subject was 
not sure or felt that one hand might be used quite as 
much, or as well as, the other in the performance of a 
particular act. In scoring it was desired to use some 
method whereby the answer E would reduce the score 
but not as much as an R or L answer. Also it was 
felt that it would be advantageous if the score so ob¬ 
tained would be roughly comparable to the ratio scores 
used for the tests of the battery. The scoring formula 
used for the battery tests would not work in this case 
but a modification of it was finally adopted, 

R—L 

No. of questions 

In this instance this reduced to R—L since decimal 
points were omitted in the actual computations and the 
number of questions was ten. Less than a minute was 
required to score a paper and after a little practice only 
a fraction of this time, 

3. Is the reliability of the questionnaire known? 
The problem of determining the reliability of the 
questionnaire was approached in two ways. It was 
felt that the number of questions in the test was so 
small that the split-halves method would not do justice 
to the real reliability of the test. However, since the 
questions seemed to fall naturally into two rather com¬ 
parable series of five each this method was applied. 
Questions 1, 2, 3, 9, and 10 composed one half and 
questions 4 to 8, inclusive, the second half. There were 
available 831 cases covering a range of six grades from 
4 to 9 inclusive, The obtained reliability coefficient 
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corrected by the Spearman-Brown Prophecy Formula 
is .9185, a figure surprisingly high fur such a short 
questionnaire. For fear there might be something 
spurious about this value the questionnaire was re- 
peated with a group of 140 fourth-grade children after 
a lapse of ten days from the time they had taken the 
test the first time. The cneflicicnt obtained with this 
group was .9701, Therefore it is felt that from the 
point of view of the conventional methods of measur¬ 
ing reliability the questionnaire is quite satisfactory 
for the purposes for which it was made. 

4. It should be of known efficiency in selecting those 
individuals who have left-handed and ambidextrous 
tendencies , Herein lies the very great advantage of 
having tested a large group of subjects, previously un¬ 
selected, with the handedness test battery, and also 
with the Criterion Questionnaire. By applying the 
Criterion to these data some reliable evidence can be 
obtained concerning whnt might be expected from the 
use of the Criterion for the selection of additional 
eases from new populations. The first evidence con¬ 
cerning the efficiency of the Criterion is the correlation 
coefficients between it and the tests of the battery and 
the composite handedness score. These coefficients 
were obtained with two groups of eases, one contain¬ 
ing approximately 400 eases and the other approxi¬ 
mately 300. The grade range was the same as above, 
i,e., 4 to 6 inclusive, for each group. The two coeffi¬ 
cients for the Criterion with each test of the battery 
and for the composite score have I teen averaged by 
changing them into s-values according to Fisher’s 
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tables (4, pp. 178-184), averaging, 
these values into values of r. 

These coefficients are as follows: 

and reconverting 

Criterion with Target Test 

.3459 

Criterion with Pin Test 

.4905 

Criterion with Treasure Test 

.5214 

Criterion with Escape Test 

.5440 

Criterion with Composite Score 

.6339 


It is obvious from these values that there is a very 
considerable degree of relationship between the Ques¬ 
tionnaire and the tests of the Battery, although the re¬ 
lationship varies from test to test. In general it may 
be said that the relationship increases as the test re¬ 
quires finer and finer coordinations, and it is especially 
significant that the highest correlation is that with the 
Composite Handedness Score, since this is the score 
which best sums up or epitomizes the handedness of an 
individual so far as it is measured by these tests. 

The correlation coefficients between the Criterion 
and the tests of the battery are not sufficient, however, 
to answer the question concerning the efficiency of the 
instrument as a selective agent for the purpose of choos¬ 
ing other, additional cases from a random population. 
The question may be stated this way: if the L-E-R 
Criterion Questionnaire had been used to select from 
the population included in this investigation those who 
had left-handed tendencies with what efficiency would 
this have been accomplished? Furthermore, what pro¬ 
portion of the cases so selected would have been found 
to be left-handed when tested with the battery? Be¬ 
fore these questions can be answered some critical 
L-E-R score must be decided upon below which all 
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cases are to be considered as showing sufficient signs 
of being left-handed to be included in the retesting 
with the Handedness Battery. The selection of this 
score is more or less arbitrary, It should be a score 
such as would pick out a very large percentage of the 
left-handed or left-handed and ambidextrous, depend¬ 
ing upon the scope of the proposed study. Yet it 
should not select for extensive additional testing too 
great a percentage of cases which would later prove to 
be essentially right-handed. Table 6 gives the results 
when two such critical scores are used, (l) zero, and 
(2) +6. 

Considering first zero as the critical score we find 
that in the neighborhood of 80% of those who have 
left-handed scores (i.e., who arc roughly below one 
P.E. of measurement of the zero score for each test 
in turn) would have been selected by the criterion for 
further testing from the population used in this inves¬ 
tigation. If we desired to include the ambidextrous 
as well, the criterion would have selected between 55 
and 65% of this wider range of cases with the exception 
of the Target Test where, due to the very high propor¬ 
tion of the subjects who got ambidextrous scores, the 
percentage drops to .1639. The proportion of these 
cases that would have proved to be left-handed on the 
test battery is in the neighborhood of 50%) except for 
the Target Test, where it is lower, and if the wider 
range is used so as to include the ambidextrous the pro¬ 
portions profitably selected would be higher, ranging 
around sixty, 

If a more inclusive criterion score is desired, i.e., 



Percentage of the left-handed* "who 
have scores between —10 and -J-5 

inclusive ,9047±J)7 .9210±.D4 .942S±.04 .R947+.05 .9473±.04 
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*I,e., have scores below the lower limit of the standard error of measorement applied to zero. 
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if it is necessary to select a higher proportion of those 
who have left-handed or ambidextrous tendencies at 
the cost of including a greater proportion of cases who 
will eventually prove to be right-handed, according to 
the test battery, the score -|<6 would seem to be logical 
value to choose, That is, by this criterion, all those 
having scores between —10 and inclusive would 
be retested. A score of -{-5, the highest value in this 
range, could be obtained in three ways according to the 


scoring formula, 


R—L 

lo 


One combination yielding 


this score is 7 R’s, 2 L's and 1 E. Another would be 
6 R’s, 1 L, and 3 E’s and the last is 5 R's and 5 E’s. 
Any one of these combinations suggests that the right 
hand is the dominant hand but with unmistakable ten¬ 
dencies in the opposite direction. The result of the 
application of this more rigid criterion to the data of 
this investigation is also given in Table 6. We see that 
in practically every ease better than 90% of the left- 
handed have L-E-R scores within this extended range. 
If we include both the left-handed anti the ambidex¬ 
trous the percentages drop with an average between 
75 and 80%, if the Target Test is not considered. In 
other words, if the —10 to -1-5 criterion is used, we 
might expect to select about 90% of those in the whole 
population tested who would have been left-handed if 
the test battery had been given to the whole group, and 
if we wanted to include the ambidextrous we could 
expect to select about 80% in this way. However, of 
those selected by the application of this criterion only 
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23 or 24% would be left-handed when tested with the 
battery. When it is considered that the test battery 
takes a considerable time to give, and longer to score, 
to have three-quarters of the group prove to be right- 
handed is a rather high price to pay for the additional 
cases secured by the use of the more rigid criterion. 

Which criterion should be used in selecting addi¬ 
tional cases from another population is dependent upon 
the purposes for which the cases are needed. A cur¬ 
sory examination of the correlation charts suggests that 
any other criterion score between 0 and +6 would 
not help enough to be worth while and certainly the 
number of cases which would be tested to no profit 
would prohibit taking a higher value than +6. 

To summarize this section it may be said that a 
criterion has been developed for the selection of ad¬ 
ditional cases of left-handedness from an unselected 
population that will pick out approximately 90% of 
those who are left-handed if the more rigid selection 
is made or approximately 80% if the less selective 
method is used. This Criterion should be of great 
value in shortening the work of any additional investi¬ 
gations concerning the nature of any differences which 
may exist between left- and right-handed children. 



V. 

DISTRIBUTION CURVES OF HANDEDNESS 

Distribution Curves Important 

The problem of the distribution of handedness Is one 
of the most important and one of the most difficult 
and illusive to treat of any of the various related as¬ 
pects of this study, It is intimately bound up with 
the definition of handedness with which the investiga¬ 
tor starts and the method of measurement used. It has 
peculiar difficulties of its own beyond those ordinarily 
found in curve fitting. The necessity for large samples, 
always present if reliable results are to be obtained 
by ordinary methods of curve fitting, becomes increas¬ 
ingly important in considering the distributions of 
handedness, since it is only when a very large sample is 
used that the influence of the left-handed section of the 
population upon the total can be reliably assayed. 

Why Important? 

Some of the difficulties met suggest the principal 
reasons why the problem is important, It lias been 
rather naively assumed by many investigators in this 
field that any measure which can be used to discriminate 
left-handedness and right-handedness is as good, that 
is, as reliable and valid, as any other measure. Fur¬ 
ther, there has been the underlying assumption that all 
measures of handedness arc positively correlated to the 
point of reliable prediction, that is, reliable generaliza¬ 
tion from a single measure to a “true" measure of 
handedness, Thus we have the rather ridiculous situa- 
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tion of investigators measuring the handedness of a 
small sample by some rather crude method of unknown 
reliability and from such measure attempting to gen¬ 
eralize about the relation of handedness to other traits 
of character and personality as well as other charac¬ 
teristics of mental organization. Therefore the most 
fundamental problem in the study of manual laterality 
after the tests have been shown to be reliable and valid 
is the study of the way handedness distributes itself on 
such a variety of tests, measuring different aspects of 
the same trait. From such a series of obtained distri¬ 
butions the following important questions may receive 
consideration: 

1. Will each test in a series of handedness tests, 
practically equal in objectivity, reliability, and validity, 
yield the same general type of curve? For example, 
tests of intelligence of equal validity and reliability 
may confidently be expected to yield a normal curve, 
although the items comprising the tests differ greatly. 

2. If one particular curve type is found to fit all 
distributions of handedness, does that curve type have 
any peculiar properties which will facilitate its use 
statistically? 

3. If a variety of curve types is found, what charac¬ 
teristics are common to them all, i.e., are they all 
skewed; is the skewness uniform in direction; is the 
degree of kurtosis present the same for all curves? 

4. In what way do the types of curves found reflect 
the particular properties of the tests used? 
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Hypotheses Concerning Distribution Curve of 
Handedness 

Several hypotheses concerning the type of curve 
which may be expected to describe handedness have 
been suggested or implied in the literature. At one ex¬ 
treme are those who think that handedness may be de¬ 
scribed by a two-category curve, i.c., all persons either 
right-handed or left-handed with no intermediate 
degrees of handedness and true ambidexterity non¬ 
existent. A modification of this extreme would be a 
continuous U-shaped curve with the aruimode repre¬ 
senting ambidexterity, but not necessarily symmetrical 
so far as the height of the ordinates representing the 
extremes of leftness and rightness arc concerned, Or 
handedness, many feel, can be described by some I- 
shaped curve of unknown skewness and kurtosis. A 
special case within this rather large grouping would be 
the normal curve so often found or assumed in psycho¬ 
metric investigations. 

A third possibility that has aroused a great deal of 
interest on the part of some investigators is that handed¬ 
ness might logically be expected to be bimodally dis¬ 
tributed with one mode representing the central tend¬ 
ency of the left-handed group and the other, much 
greater mode, representing the central tendency of the 
right-handed group. Some slight evidence from one 
or two American investigations bears on this point but 
is too unreliable to justify any general conclusion to 
this effect. A true bimodal distribution is rarely 
found. In most eases what appears to be bimodality 
eventually turns out to be due to the combination of 



GROUP TESTS OF MANUAL LATERALITY 


289 


data from two different but homogeneous populations. 
Without denying the possibility of obtaining a distri¬ 
bution of handedness for some particular test that 
would have a reliable second mode for the left-handed 
population, it must be shown that the handedness popu¬ 
lation is homogeneous before it can be said that hand¬ 
edness is truly bimodally distributed. Homogeneity 
would seem to be a matter of degree. Very rarely 
would one obtain a distribution that would be entirely 
homogeneous. For example, a distribution of in¬ 
telligence quotients in certain schools of New York 
City would include those of a large proportion of Ne¬ 
groes. (This is true of two of the schools used in 
this study.) If there were a genuine difference in the 
intelligence of Negroes and whites, such a distribution 
would not be homogeneous. However, the difference, 
if present, is so slight and the resemblances between 
the two distributions so much more important than the 
differences that the combined populations yield a dis¬ 
tribution approximately normal, and not greatly atyp¬ 
ical in any respect. If a distribution of the intelli¬ 
gence of man and a distribution of the intelligence of 
the great apes could be combined, in all probability 
this distribution would be sufficiently atypical to sug¬ 
gest immediately that two heterogeneous groups had 
been put together. 

This discussion suggests a possible hypothesis to be 
considered along with the rest, namely, that any dis¬ 
tribution of handedness really contains two distribu¬ 
tions, one of the left-handed and one of the right- 
handed. According to this theory any distribution of 
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handedness based upon objective measures ought to 
yield more intelligible results if split into two distri¬ 
butions, the left-dominant and the right-dominant. The 
outer limits would, of course, be the extremes of lateral 
manual dominance, i.c,, the extremely left-handed and 
the extremely right-handed. The inner limit of the 
distributions is set at zero-handedness, or the point at 
which there ceases to be any difference between the 
two hands. This inner limit in reality is not a point 
but a range, since the measurement error must be taken 
into account. The theory puts no limitations on the 
type of curve that may describe left-handedness or 
right-handedness. Such curves may vary in symmetry, 
range, and kurtosis. Figures 3A and 3D illustrate 
rather crudely what might be expected when two 
slightly overlapping distribution curves are combined 
into one distribution. In these illustrations the curve 
on the left half of the page is made approximately one- 
half the size of the curve on the right half of the page. 
This has been done to suggest the fact that the exis¬ 
tence of two such separate distributions might be in¬ 
conspicuous except in large samples if the smaller of 
the two distributions contained only a fraction of the 
cases in the larger distribution, as would be the case in 
distributions of handedness. Figure 3A shows the way 
two normal distributions might coalesce to give a dis¬ 
tribution with a second mode. Figure 3B shows haw 
two skew curves of Pearson’s Type III might combine 
to give a curve only slightly suggestive of the fact that 
two distributions have been combined, The reason¬ 
ableness of such combinations will be discussed later 
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when the data from the present investigation are con¬ 
sidered. 


Equivalence ov Handedness Ratio 


The remainder of this section will be concerned with 
the presentation and analysis of certain fundamental 
statistics, especially as they bear upon the problems 
of curve fitting, Table 7 presents some of the essen¬ 
tial statistical constants for each of the measuring in¬ 
struments used, As a prerequisite to a clearer under¬ 
standing of what these values imply, it is necessary 
first to discuss in a more fundamental fashion the ex¬ 
tent to which the handedness ratios used can be con¬ 
sidered to be equivalent. Kelley (9, pp, 110-114) states 
the following three minimum conditions which must 
be met if ratios arc to be considered as equivalent: 

1. One point ol the first scale must he known to be 
equal to one point of the second. 

2. A second point of the first must he known to be 
equal to a second point of the second; and, 

3. The law establishing the relationship between suc¬ 
cessive points on the first must be known to he the law 
underlying the second. 


To what extent does the ratio 


R — L 
R + L 1 


or its variant 


form when errors are involved, -. meet these 

* R + L 

three requisite conditions? The first condition seems 
to be met in the case of the zero score, When the 


achievement or the lack of achievement, i.c., number of 
errors, of the right hand and the left hand are equal, 
the numerator of the fraction is zero, the ratio is zero, 
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and the amount of handedness represented is zero* 
handedness or ambidexterity, and this is the same for 
all tests, The second condition is met, at least theo¬ 
retically, in the 1.00 ratio, when a lot til lack of achieve¬ 
ment in one hand is associated with optimum achieve¬ 
ment in the other hand. In practice the calibration of 
the various tests is so different that a ratio of 1,00 is 
harder to achieve in some tests than in others, This 
factor alone, however, would not prevent the ratios 
from being considered as roughly equivalent, The 
third requirement, that the law establishing the rela¬ 
tionship between successive points on the first must be 
known to be the law underlying the second, can be con¬ 
sidered as met if the distribution curves describing the 
two variables arc similar in type and if the ratio of the 
measure of variability to the measure of central ten¬ 
dency ia the same for each test. It is at this point that 
the ratios used in this study lose in comparability. The 
curves describing the various distributions are not all 
similar and the ratio of the mean to the standard devia¬ 
tion is not the same for all tests, However, the distri¬ 
bution curves have many characteristics in common 
and the ratios af the mean to the standard deviation are 
sufficiently similar to say safely that, if the comparison 
is not pressed too hard, a given ratio on one test is 
roughly comparable to the same size of ratio on another 
test with the possible exception of the Target Test. 
These ratios of the mean to the standard deviation are 
given in Tabic 7, not only for the total distributions 
covering the entire range from extreme left-handed- 
ness to extreme right-handedness, but also for the two 
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tails of these larger distributions representing right- 
handedness on die one hand, and left-handedness on the 
other. If the hypothesis outlined earlier in this chap¬ 
ter, which suggests that the distributions of handed¬ 
ness are better considered as separate entities, is sound, 
this is a logical step and the results seem to be entirely 
reasonable; in fact, when the ratios of the mean to the 
standard deviations for the distributions of right- 
handed ratios are considered, the handedness ratios ob¬ 
tained with the Target Test would seem to be much 
more nearly comparable to the other test ratios than is 
indicated by the ratio of the mean to the S.D. for the 
total distributions, 

Differences in Average Amounts of Handedness 

The importance of this discussion of the compara¬ 
bility of the handedness ratios from test to test arises 
from the fact of the wide differences found in the 
means and standard deviations for the various tests. 
If the separate ratio scores are comparable, the statis¬ 
tical constants are even more likely to be comparable. 
Therefore, it would seem to be entirely safe to say that 
there are real differences in the degree of average 
handedness shown and in the variability of handedness 
from test to test—differences which must be due to 
fundamental variations in the traits measured, The 
increase in the means and the increase in variability 
seem to be coincidental with the involvement of pro¬ 
gressively higher coordinations. This conclusion is 
strengthened when we note that the progression is op- 
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posite in direction for the distributions of handedness 
considered separately; that is, left-handedness, as well 
as right-handedness, becomes mure pronounced as the 
tests involve liner and finer coordinations, 


The No-Hanijeunkiss Range 

In obtaining the separate distributions of right- and 
left-handedness mentioned above, the point or range 
separating right-handedness from left-handedness had 
to be decided upon. The necessity for doing this has 
already been discussed (footnote 5), along with the 
method finally adopted, namely, the application of the 
probable error of measurement to the zero score. This 
was necessary because the unreliability of the tests used 
would not permit a sharp dichotomy at the zero point, 
Because of the grouping of scores into step intervals 
this criterion cannot be precisely applied, but that 
range of step intervals which nearest approaches the 
range of scores indicated by the probable error of meas¬ 
urement has been used. For example, in the Target 
Test, the P.E, of measurement is 3,14 and the most 
comparable range of step intervals is one step interval 
plus and minus from zero. And yet clue to the bunch¬ 
ing up of scores around zero this really docs an injus¬ 
tice to the two separate handedness distributions. The 
percentage of scores below —5 is only 1.78 while the 
percentage of scores below—3 (the nearest whole num¬ 
ber to 3.14) is 4,76, In the Treasure Test the P.E. 
of measurement is 15.32 and it was necessary to decide 
whether to use the step interval range from —10 to 
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+9 or the range from —20 to +19, It was felt that 
the wider range would cut off too many cases in view 
of the relatively small number of cases in the left-hand 
distribution, so the —10 to +9 range was chosen. The 
P.E, of measurement ranges for each test are shown 
in Table 7, 

Percentage of Left-Handedness 

The percentage of left-handedness for each test of 
the battery, the Composite score, and the L-E-R 
Criterion are also given in Table 7. For the objec¬ 
tive tests these percentages range from 4*4 to 5, while 
the L-E-R Criterion Questionnaire shows 6 l / 2 % left- 
handed. While the difference between these percent¬ 
ages is not especially significant, there seems a slight 
tendency for those who feel themselves to be at least 
moderately left-handed to fall either in the ambidex¬ 
trous range or even into the right-handed distribution 
when measured with objective tests. 

Types of Curves Found 

Figures 4 to 9 show the graphed distributions for 
each variable and Table 8 gives the essential informa¬ 
tion necessary for the determination of curve type. 

A cursory glance at the Betas makes it clear that in 
no case is anything like a normal curve found, i.e., 
Pi equal to 0, and p a equal to 3. The square root of 
p! is sometimes used as a measure of skewness and this 
value is given. From these values we see that every 
curve is skewed, and all but the Target Test are skewed 
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FIGURE 4 
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HANDEDNESS RATIOS-ESCAPE TEST 
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HANDEDNESS RATIOS^TREASURE TEST 
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negatively in the sense that the median is numerically 
larger than the mean. All skewness values are statis¬ 
tically significant but this is due more to the large 
number of cases which reduces the S.E. than to the 
size of the skewness values. 

For a normal curve, p 2 equals 3; therefore p 2 —3 is 
often used as a measure of kurtosis. Negative values 
indicate that the distributions are platykurtic and posi¬ 
tive values indicate that they are leptokurtic. All 
values of p 2 —3 for these distributions are positive and 
large in relation to the norm of three, showing that the 
distributions are decidedly more peaked than a normal 
curve. 

An attempt has been made to determine the curve 
type for each of the curves of the test battery and for 
the composite score. The entry under Curve Type 
in Table 8 has been determined in two ways: first, by 
finding the type of curve suggested for given values 
of ft 2 in Pearson's Tables for Statisticians (11, see p. 
Ixiii of the Introduction) and, second, by plotting a 
point on Diagram XXXV, page 66, the values of 
the x and y ordinates of this diagram being Pi and 
P 2 respectively. The probable errors of the Betas and 
the Kappas of Table 8 are not given because with one 
exception either Pi or p 2 or both were too large for 
these values to be determinable from Pearson’s Tables. 
However, it seems clear from the tables that these 
P.E.’s would be relatively large, indicating that the dis¬ 
tributions obtained are not very stable. Only one in¬ 
controvertible fact seems to come from these data, 
namely, that the type of curve which describes handed- 
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ness is not to be determined by any one test alone, if 
there is any one curve that can be said to describe it. 
For two distributions the data would seem to be satis¬ 
fied by a Type-V curve (Treasure and Escape Tests); 
two others, the Pin and the Target distributions, are 
heterotypic, and for the Composite Score, if a value of 
—.1734 is considered near enough to zero to satisfy the 
equation 20 a —3pi—6 equals 0 (a value of zero would 
seem definitely to be within the P.E. of the value 
—.1734), it would seem that a Typc-III curve would 
satisfy these data. The next logical step would seem 
to be to fit a theoretical curve by the method of Least 
Squares, at least to the distribution of Composite 
Scores. However, the writer feels that the labor in¬ 
volved in doing this would not be profitably spent 
until some further work has been done to evaluate the 
suggestion made earlier in this section that these ob¬ 
tained distributions for each test might more adequately 
be considered as two separate distributions merged 
into one. This will involve fitting curves from the 
tails of the distribution where the data may be pre¬ 
sumed to be more homogeneous and it is felt that the 
data at hand for the left-hand end of the distribution is 
not entirely adequate for this purpose. Therefore, 
since this possibility was not considered by the writer 
prior to the collection and analysis of these data, he 
feels justified in postponing this matter with the defi¬ 
nite intention of carrying out such additional analysis 
in the reasonably near future. 

The L-E-R Questionnaire Distribution 

The data concerning the distribution of scores ob- 
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tained with the L-E-R Questionnaire have not been 
discussed up to now, although presented in Tables 7 
and 8. These data are not felt to be an integral part 
of the discussion preceding and therefore will be con¬ 
sidered separately. These scores do not represent the 
measurement of an actual inherent skill or quality, but 
represent an expression of opinion concerning certain 
common habitual acts or performances. (See IV.) 
The rough gradation into “right,” “either,” or “left” 
is the only differentiation that can be made between 
the hands for any given question and the qualitative 
value of the questions is not the same. For example, 
many persons would say they could drink with the glass 
in either hand if the circumstances demanded it al¬ 
though they would prefer to use their dominant hand, 
but relatively few people could truthfully say that they 
Write with either hand with anywhere near the same 
ease; therefore any such unweighted scale yields rela¬ 
tively little information of value concerning the real 
or inherent differences between the hands. The Id- 
shaped distribution obtained is much as one would ex¬ 
pect. The surprising element is the slow rate of rise 
for the left-hand group. This presents visible evi¬ 
dence of the degree to which left-handed people suc¬ 
cumb to the environmental pressure to use their right 
hands, while the use of the right hand for right- 
handed people is reinforced by these pressures. 

Summary 

By way of summary, it may be useful to reconsider 
the four suggestions or theories presented earlier in 
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this section in the light of the evidence presented from 
this investigation. 

1. Handedness is best described as a two-category 
traitor, as a modification of this, the distribution would 
logically be expected to be U-shapcd, 

The only evidence to bear out this theory is the 
shape of the distribution curve obtained with the L-E-R 
Criterion Questionnaire, If the questionnaire were 
longer, if proper weights could be determined for each 
question, and if finer gradations of handedness could 
be reliably determined, it is very doubtful if the U- 
shape of the distribution would persist, Furthermore, 
such a distribution would still be largely determined by 
strength of preference, a function of environment, and 
not by quality inherent in the make-up of the indi¬ 
vidual. 

2. Handedness is best described by some I-shapcd 
distribution of unknown skewness and kurtosis with 
the normal curve as a special case within this hypothe¬ 
sis, 

The data of this investigation show no tendencies to¬ 
ward normality if the whole range of handedness is 
considered as one distribution; however, all curves 
are I-shaped curves, varying in skewness and kurtosis 
according to the degree of small muscle coordination 
and nervous control required. The distributions ob¬ 
tained in this investigation are atypical, however, as 
regards the relatively large size of the Betas obtained. 

3. Handedness is truly bimodally distributed, 
There is evidence in at least three of the distributions 
obtained of a second mode which might logically be 
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thought of as suggesting the central tendency of the 
left-hand distribution. The trouble with this hypothe¬ 
sis is the difficulty in demonstrating that the data are 
truly homogeneous. 

4. Handedness could more logically be considered 
as having two distributions, that of the left-dominant 
and that of the right-dominant, with curves similar in 
type but converse in skewness when not symmetrical. 
The data of this investigation are not inconsistent with 
this hypothesis. The persistent popular dichotomy of 
right-handed people and left-handed people and the 
equally persistent assumption that the two are some¬ 
how different in kind seems justified. We may think 
of people as being less and less right-handed only so 
long as the right hand maintains its advantage over the 
left. When the left takes the ascendency the logical 
demands of the situation are to consider such persons 
as left-handed. 

If a majority of people on a majority of tests, objec¬ 
tive in nature and not specifically calling for skill by 
reason of training, were found to be within the ambi¬ 
dextrous range, it might be adduced that the natural 
state of man is ambidexterity and the true distribution 
of handedness would consist of plus and minus varia¬ 
tions from zero-handedness as a mean, There are, how¬ 
ever, no indications that this is true. 

However, the fact that such a distribution with the 
mode within the ambidextrous range is obtained when 
a test involving the larger muscle coordinations is used 
(Target Test) suggests the possibility that the progress 
of evolution has been in the direction of specialization 
of function and away from ambidexterity. 



VI 


HANDEDNESS RELATED TO CHRONO¬ 
LOGICAL AGE, INTELLIGENCE, 
SCHOOL ACHIEVEMENT, AND 
CONDUCT FOR CHILDREN 
9-15 YEARS OF AGE 

Change in Handedness with Change in Age 

Does handedness change in any systematic fashion 
from year to year as the child grows older? In other 
words do people grow more nearly ambidextrous as 
they grow older or do they become more than ever set. 
in the direction and quality of their hand dominance? 
The evidence from this investigation on this point is 
inadequate but very suggestive, These data arc pre¬ 
sented in Tables 9 and 10. If handedness is thought 
of as a continuous homogeneous variate ranging from 
one extreme of dominance to the other, the proper 
statistic to use in studying the variations in handedness 
from year to year would be the mean of the total dis¬ 
tribution, Therefore Table 9 presents these statistics 
for each year level from 9 to 15 inclusive and for each 
test of the battery and the composite score. An ex¬ 
amination of the section of the table giving the means 
of the entire distribution reveals definite trends in three 
of the four tests, In the fourth, the Pin Test, the 
variation in the means is inconsistent in direction. For 
the Target Test the trend is definitely downward in 
the direction of ambidexterity while in the case of the 
Treasure and Escape Tests the trend is quite as defi- 
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TABLE 9 

Analysis of Growth Trends for Seven C.A. Levels on Each 
Test of the Battery and for the Composite Scorb 

Total group Right-handed. 

N M S.D. SE. U N M S.D- iS.E. u 


Target Teat 


9 year 

Ids' 

BO 

5.69 

5.29 

.59 

52 

8.73 

2.56 

.36 

10 

If 

11 

165 

H.00 

6.BB 

.54 

116 

11.31 

2.4 B 

.23 

U 

II 

II 

IB? 

7.05 

6.97 

.51 

12B 

10.67 

4.99 

.44 

12 

II 

II 

213 

5.31 

6.B5 

.47 

111 

10,24 

5.10 

.48 

13 

fl 

Tl 

237 

5.0+ 

6.0B 

.39 

127 

9.32 

4.39 

.19 

1+ 

II 

II 

166 

4,47 

5.14 

.40 

77 

8.BB 

3.66 

.42 

IS 

It 

II 

84 

2.36 

4.75 

.52 

23 

8.09 

1.89 

.39 

All 

ages 


1134 

5.62 

6.46 

.19 

634 

9.97 

4.83 

.19 

Pin Test 










9 year 

olds 

79 

24.66 

16.18 

1.82 

73 

27.96 

11.61 

1.36 

10 

Cl 

n 

163 

23.35 

14.4+ 

1.13 

153 

25.50 

11.46 

.91 

11 

II 

ii 

1B6 

21.97 

14.66 

1.07 

173 

24.77 

10.54 

.80 

12 

II 

ii 
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19.BB 

15.46 

1.06 

186 

24.20 

11.56 

.85 

13 

u 

n 
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20.66 

14.24 

.92 
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12.97 

.88 

1+ 

1C 

ti 
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22.57 

14.27 

1.08 
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24.67 

12.21 

.96 

IS 

fl 

ii 

77 

18.62 

14.90 

1,70 

69 

22.00 

10-14 

1.22 
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ngcs 


1132 

21,45 

14.65 

.4+ 

1032 

24.49 

10.83 

.14 

Treasure 
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77 
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2.50 

65 
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ii 
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30.64 

24,67 

1.91 
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37,79 
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11 

n 
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1.83 
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40.55 
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1.38 

12 

■I 

n 

20B 

39.36 

30.17 

2.09 

1B4 

47, B7 

17.91 

1,32 

13 

H 

ii 
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42.61 

27.61 

1.B1 

213 

49.01 

16.99 

1.16 

14 

II 

■( 
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41.96 

25.13 
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15 

(1 

M 

87 
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82 
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8 
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1.65 
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II 

rt 

17B 

43,26 

25.37 

1.90 

165 

49,04 

11.46 
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II 
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12 

41.08 

21,84 

2.41 
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10 

ri 
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39,11 

12,07 
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1113 
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19.70 

.59 

1052 

39.43 
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•Any level of Chronological Age is defined as the naming yenr plus and 
minus six months, e.g., the nine year olds include all those from B years and 
7 months to 9 years and 6 months inclusive. 
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TABLE 10 

The Significances on the Diffukbncus hetwuen tiie Means 
OF TIIB IO-YeAR-Old GhOIM’ AND TUB 14-YEAR-OLD 
Group for Each Test or thu Hattbry 
AND FOR TNfl COMPOSITE ScORB 


Tesl 

Tola 

Dill. 

group 

Did. 

Kirill-handed group 
Dill. a dt!(. 

Did. 

Target 

— 3.5] 

.67 

S,27 

— 2,43 

,84 

2,09 

Pin 

— .71 

1,56 


— ,83 

1.39 

.60 

Treasure 

3.94 

Z.5Q 

3.SB 

11.40 


JAB 

Escape 

13.52 

2,72 



2.02 

5.12 

Composite 

—1.1 + 

2,11 

,54 

.93 

1.38 

.67 


nitely upward, or in the direction of a wider differen¬ 
tiation between the hands as age increases, Table 10 
gives the significance ratios for differences between the 
mean scores of the 10th and 14th years test by test. 
The difference between the 9th and the 15th years was 
not chosen because the number of cases was so much 
smaller for these two years than for the remaining five 
age levels studied. For the three tests just mentioned 
the significance ratios are all greater than 2.5, and 
therefore can be considered statistically significant. 
The direction of these differences is consistent with 
the trends mentioned above. 

The means for the Composite Score show less fluctu¬ 
ation and the difference between the Mean Composite 
Score for the 9-year-old group and the Mean Compo¬ 
site Score for the 14-year-old group is not statistically 
significant. 

If the range of handedness from extreme right- 
handedness to extreme left-handedness is considered as 
being best described not by one distribution but by two. 
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one of the right-handed and one of the left-handed, the 
proper statistics to use in studying growth changes 
would be the means of these two separate distributions 
in order to tell whether the trend in the means is con¬ 
sistently outward, i.e., in the direction of more extreme 
differences between the hands, or consistently inward, 
in the direction of ambidexterity. Unfortunately the 
number of cases in the left-handed distributions by age 
levels is not great enough to justify computing these 
means for the left-handedness distributions. However, 
the means for the right-handed group, i.e., all those 
having plus scores above the standard error measure¬ 
ment of the zero score, are given for the purpose of 
comparing them with the means of the entire distribu¬ 
tion. The trends are consistent in both series of statis¬ 
tics. The Target Test shows a trend toward ambi¬ 
dexterity, and the Treasure and Escape Tests show the 
same trend toward a more confirmed right-handedness 
with increase in age. In the Pin Test the same ran¬ 
dom fluctuations are found with no consistency in di¬ 
rection. The difference between the means for the 
three tests where the trend is definite are all statisti¬ 
cally significant. 

These statistics take on meaning and relevance when 
they are considered in the light of the nature of the 
tests themselves. The Target Test involves the use of 
the larger muscles of the forearm and shoulder. Ap¬ 
parently as one grows older there is less differentiation 
between the arms so far as the coordination of the larger 
muscles is concerned. In the Pin Test, where the de¬ 
gree of coordination required is somewhat finer, no 
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definite trend is discernible; while in the Treasure and 
Escape Tests, where a high degree of coordination is 
necessary, the trend becomes definite in the direction 
of greater specialization, Of course in the latter case 
the influence of training is probably one of the factors 
responsible for the trend, 

Handedness Related to Other Factors 

The weight of the evidence available from other in¬ 
vestigations concerning the relation between handed¬ 
ness and intelligence, school achievement, and conduct 
suggests that there is no significant difference between 
the left-handed group and the right-handed group in 
these particulars. The writer feels, however, that the 
evidence concerning these relationships is entirely too 
meager for any final judgment. Nor docs he advance 
the evidence available from this investigation along 
these lines as being any more conclusive, because either 
the number of left-handed children is too small to 
justify any definite conclusions, or the measuring instru¬ 
ment used to measure the characteristic to which 
handedness is being related is of unknown reliability. 

School Grades 

School grades in work, and conduct arc the first meas¬ 
ures with which handedness are related here. All avail¬ 
able letter grades for each child were averaged by 
assigning the following values to the letters and getting 
the arithmetical mean: A-~5, D-1-—4, B—3, C—2, 
D"»l, Varying numbers of grades were available 
for different children ranging from one year’s records 
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up to the records covering seven or eight years, Thus 
the reliability of the final estimate of work or conduct 
varies greatly from child to child, since it is obvious 
that the combined estimate of several teachers cover¬ 
ing several years of work is more reliable than one 
teacher's estimate for one year. In selecting the right- 
and left-handed groups only those cases were included 
who had scores, either right- or left-handed, beyond 
the range of the standard error of measurement, applied 
to the zero score. The Composite Score is used as the 
best single measure of handedness and the approximate 
limits for the standard error of measurement applied 
to the zero score are —10 to -|-9. In other words, all 
those who had negative ratios below —10 on the com¬ 
posite score were included in the left-handed group 
and all those who had positive ratios greater than 
+9 are included in the right-handed group. In the 
writer’s estimation, the cases included within the ambi¬ 
dextrous range would be the ones for which such com¬ 
parisons as are made here would be most interesting, 
since this range probably includes the majority of cases 
where there have been difficulties over enforced changes 
of handedness. However, the number of cases falling 
within this range in this study is altogether too small to 
make such comparisons of any value. 

Table 11 gives the statistics concerning the relative 
average achievement of the right- and left-handed 
groups. It will be seen that the mean work grade and 
the mean conduct grade are both slightly higher for 
the right-handed group but that the differences are 
not statistically reliable. 
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Intelligence 

The Otis Classifications Test was given in one school 
and the mean raw scores for Part I and Part II are 
given in the table. Part I is the measure of educa¬ 
tional achievement and Part II is the measure of intel¬ 
ligence. We see here that in both cases the differences 
are in favor of the right-handed group but are not sta¬ 
tistically significant. The, final comparison given in 
Table 11 is between N.I.T. Intelligence Quotients, 
which were available for two schools. For P.S. No. 
42, from which approximately one-half of the cases 
were drawn, the tests were administered by the present 
investigator, for P.S. No. 43 the data were taken from 
school records and the date of testing is not uniform 
for all the children. There again the difference is in 
favor of the right-handed group and, while larger than 
the other differences, is not statistically reliable. 

If these data have any significance at all it arises 
from the fact that the direction of the difference is 
consistently in favor of the right-handed group, The 
smaller number of scores in the left-handed groups 
with the resulting relatively large standard errors for 
the differences found gives plausibility to the hypothe¬ 
sis that larger distributions of left-handedness might 
yield differences which would be statistically reliable. 
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SPECIFICITY OF HANDEDNESS 

One of the persistently controversial issues in the 
measurement of manual laterality is the question of the 
specificity of hand dominance or hand preference. In 
discussing this specificity of handedness, the distinction 
should be made between hand dominance as measured 
by objective tests and hand preference measured by the 
proportion of habitual acts performed by the preferred 
hand. In measuring preferential handedness, any in¬ 
ventory of habitual performances will suggest that 
training plays a greater or less important part from 
act to act. As a result, handedness determined by any 
one act as a criterion will not necessarily be the same 
for even a majority of the other performances in the 
inventory. For example, many naturally left-handed 
people are made to write with the right hand; hence, 
if writing were taken as a criterion, many would be 
right-handed who would be found to be left-handed 
according to some other criterion such as throwing. 
Objective tests used to measure hand dominance mini¬ 
mize the influence of training, if those tests call for 
performances not specifically taught. In other words, 
training enters in only by transfer. Furthermore, such 
tests make it possible to measure all degrees of domi¬ 
nance from one extreme of laterality to the other, and 
make the statistical determination of co-variance more 
reliable. 

Test I ntercorrelations 

The obvious method to be followed in determining 

[ 310 ] 
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the degree of association between tests of hand domi¬ 
nance is the correlational technique. The intercor- 

TABLE 12 

Reliability Coefficients and Inter correlations for Handed¬ 
ness Test Battery, Composite Score, and L-E-R 
Criterion Questionnaire 
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.5255 
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.9364 
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.7712 

.5736 
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.9992 

.7288 
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Uncorreeted 
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.6095 

Corrected 





.9089 

.7240 

L-E-R 

Uncorreeted 






M91 


Corrected 






.9185 


relations found between the various tests of handedness 
used in this study are presented inTable 12. Before these 
data are discussed, however, some of the shortcomings 
of this method may be considered with profit. In the 
first place, the size of the correlation coefficient between 
any pair of tests is in part a function of the reliability 
of the tests, i.e., the less reliable the tests, the greater the 
degree of attenuation. To state this in another way, if the 
reliability coefficients of a pair of tests were very high 
and the intercorrelation between the tests were low, 
the assumption of a lack of relationship between the 
factors measured by the tests is more dependable than 
it would be if a low intercorrelation were accompanied 
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by low reliability coefficients, Even if the usual cor¬ 
rection for attenuation is made, this is at best only an 
estimate of the degree of association which would be 
found if the tests used were more reliable. 

On the other hand, the degree of association found 
between the tests may be due to the fact that the tests 
have a high degree of similarity, Therefore, it is im¬ 
portant to answer the question: “Arc the tests used in 
this investigation sufficiently different as to be clearly 
not variant forms of the same fundamental test pat¬ 
tern ?” In the present case, the distinction between the 
tests seems to be clear in every case except the Treasure 
and Escape Tests which may very well be only variants 
of a fundamentally similar pattern. The Target Test 
is essentially a test of the ability to coordinate the mus¬ 
culature of the arms and shoulders. The Pin Test in¬ 
volves both speed of movement and coordination of the 
muscles of the fingers and hands, The Treasure and 
Escape Tests are essentially measures of steadiness with 
speed a non-essential factor. The L-E-R Criterion 
Score is obviously entirely different in derivation from 
the other tests of the battery, Thus it would seem that 
no violence is being done to the facts when it is assumed 
that at least four distinctly different approaches to the 
measurement of handedness are represented in this 
study, The use of the ratio of the difference between 
the scores to the sum of the scores of the two hands, as 
the measure of handedness, should have only the effect 
of discounting differences in the total achievement of 
different individuals on each of the tests while empha¬ 
sizing the relative differences in the degrees of hand 
dominance, 
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Table 12 gives the reliabilities of each of the tests 
by the split-halves method, both the uncorrected, i.e., 
before the Spearman-Brown Prophecy Formula was 
applied to estimate the reliability of the total test from 
the correlation of the two halves, and the corrected 
coefficients. 0 It also gives the intercorrelations between 
the tests of the battery, the composite handedness score, 
and the L-E-R Questionnaire, both as raw correlations 
and when corrected for attenuation. All the inter¬ 
correlations are positive and the smallest coefficient, 
the correlation between the Target Test and the Treas¬ 
ure Test (.1853±.02), is more than nine times its 
probable error. No probable error for any of the 
coefficients given is as great as .03. The Target Test 
shows the least amount of correlation with the other 
tests but it does correlate positively with them all, even 
the L-E-R Questionnaire. From this low value of 
.1853 the coefficients range upward in size. Especi¬ 
ally significant are the relatively high r’s between each 
of the tests and the composite score where the uncor¬ 
rected coefficients run as high as .77; in other words, 
when the standard deviations of the various tests are 
made equal and the scores averaged, the correlation of 
this average or composite with each of the tests in turn 
is high and the coefficients are approximately of the 
same order as the reliability coefficients. The rela¬ 
tively high correlations between the objective tests of 
the battery and the subjective estimation of hand pref¬ 
erence, represented by the L-E-R scores, is additional 
evidence to the effect that handedness as measured by 


°See Section III for a more extensive discussion of reliability. 
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a variety of tests is definitely related; in other words, 
the evidence herein presented would indicate that there 
is a positive association between the degrees of hand 
dominance which an individual will show on a scries 
of tests; and if tests with perfect reliability could be 
devised, the evidence of this association would, in all 
probability, be strengthened, The intercorrelations be¬ 
tween tests of handedness, since they measure concomi¬ 
tant variation over the whole distribution from one 
extreme of handedness to the other, will not tell us 
what the chances arc that a person who is left-handed 
according to one test will also be left-handed according 
to a scries of other tests; in other words, knowing the 
degree of association, as measured by the correlation 
coefficient, will not tell us the degree of stability of 
handedness when we dichotomize our distribution into 
left-handed and right-handed. In order to throw some 
light upon this problem, we have sharply dichotomized 
our distributions at the zero point. All those below 
zero are considered as left-handed and all above zero 
as right-handed, The range of ambidexterity, used pre¬ 
viously because of the errors of measurement, has been 
ignored in this case and the P.E.'s of the percentages 
are given as a means of estimating the degree of un¬ 
reliability in proportions shown. Table 13 gives the 
number and percentage of the total distribution who 
are left-handed according to each test of the battery 
and the Composite Score, Using the number of left- 
handed, according to each test, as a base it gives the 
number and percentage who arc also left-handed on 
each of the other tests and the Composite Score. For 
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TABLE 13 

The Left-Handed for Each Test Selected by Each Other 
Test Used as a Criterion 


Teat 

Target 
N* fa 

N 

Pin 

% 

Test 

Treasure 

N % 

Escape 

N % 

Composite 
N % 

Target 



141 

.32 

146 

.30 

151 

.26 

141 

.34 





±.03 


±.03 


±.03 


±.03 

Pin 

76 

,63 



78 

,69 

76 

.70 

75 

.76 



±,04 




±,03 


+.03 


+.03 

Treasure 

77 

.50 

79 

.6a 



74 

.73 

69 

.75 



±,04 


±,03 




+ .03 


+.03 

Escape 

63 

,67 

64 

.83 

63 

.16 



6B 

,69 



±.04 


±.03 


+.03 




+ .03 

Composite 

61 

.79 

61 

,93 

57 

,91 

62 

.94 





±.03 


±.02 


±.03 


±.02 



Per cent 


.12 


,07 


.06 


.06 


.05 

below zero** 


±.007 


±.005 


±.005 


+.005 


±.005 


•N is given because N varies slightly from test t<* test, due to the fact that 
an occasional imperfect test has been dropped out. 

**A11 negative scores are called left-handed in this case. 


example, in the case of the Target Test, 148 are left- 
handed, or approximately 12% of the total distribu¬ 
tion. Of these 148, 48 or 32% are also left-handed on 
the Pin Test. In the case of the Pin Test, 76 or 7% 
of the total distribution are left-handed; of these 76, 
48 or 63% are also left-handed on the Target Test. 
It would not be profitable to rehearse the whole table 
in this manner, but it may be helpful to point out some 
salient facts. When the Target Test is associated with 
each of the others in turn, including the Composite 
Score, it is seen that the percentage of left-handed 
common to each pairing is in the neighborhood of 
30%. When the other tests are associated with each 
other, we see that the percentage of left-handed com¬ 
mon to both ranges from approximately 60% to ap¬ 
proximately 90%, that is, twice and more as large in 
proportion as in the Target Test. This discrepancy is 
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probably explained by the fact that the Target Test 
isolates as left-handed approximately twice as many 
as any other test and two and a half times as many 
as are selected by the Composite Score as left-handed,. 
Considering in the main the range of the percentages 
of left-handed eases common to any Uva tests, omitting 
the Target Test, (from 60 to 90%) and in particular 
the percentage of those left-handed according to the 
Composite Score who arc also left-handed according 
to each of the other tests, i.e., 79% for the Target Test, 
93% for the Pill Test, 91% for the Treasure Test, and 
94% for the Escape, we must inevitably reach the con¬ 
clusion that there exists a very substantial degree of 
consistency in the type of handedness shown from one 
test to another. Moreover, it would not be doing vio¬ 
lence to the evidence now at hand to say that it seems 
quite justifiable to dichotomize the total population of 
handedness into left-handed cases, on the one hand, and 
into right-hauded cases on the other hand. Such a 
statement evades the responsibility of dealing with the 
problem of ambidexterity. Probably the most reason¬ 
able assumption concerning ambidexterity is that a 
true measure of handedness sufficiently discriminatory 
to measure the smallest reliable difference between the 
hands would show practically no genuinely ambidex¬ 
trous cases, although there might be a small percentage 
of cases where the discernible difference between the 
hands was of no practical importance, so far as the 
limitation it puts on the activity of the non-dominant 
hand is concerned. 
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SUMMARY, CONCLUSIONS, AND SUGGES¬ 
TIONS FOR FURTHER STUDY 

Main Purposes of the Investigation 

The main purposes of the investigation were: 

1. To develop a battery of reliable and valid group 
tests of hand dominance. 

2. To apply this battery to a random sample of at 
least one thousand cases previously unselected as 
to handedness, and from this population to: 

a. Determine the percentage of left-handed. 

b. Determine the type or types of distribution 
curves for the various tests. 

c. Determine the specificity or association be¬ 
tween handedness tests, 

d. Study changes in handedness coincident with 
changes in age. 

e. Determine, if possible, in what respects, if 
any, the left-handed are atypical. 

/. Develop a Criterion test which may be used 
to select additional cases of left-handedness, 
with a known degree of efficiency. 

In the main these purposes have been achieved. The 
corrected reliability coefficients range from .76 to .91, 
values which compare favorably with the reliability 
coefficients for similar tests. The tests are as easy to 
give as the average intelligence test and are objective 
to score. The scoring, however, is very time consuming. 

[325] 
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The tests were given to over 1300 children and from 
the analysis of this population the following conclu¬ 
sions are drawn: 

1, Percentage oj Left-Handed The percentage of 
left-handed for each test of the battery and for the 
Composite Score ranges from 4 Y\ to 5% when the 
upper limits of lcft-liandcdncss arc determined by the 
probable error of measurement applied to the zero 
score, That is, all whose scores fall below the limits 
set by the probable error of measurement are con¬ 
sidered as definitely left-handed. This seems a logical 
division since one whose score was on or near this point 
would be likely to have a score on the plus or right- 
handed side of zero by chance only 25 times out of one 
hundred measurements. 

2. Curve Types. No one curve type describes all 
the test distributions. Rather, the shape of the distri¬ 
bution curve seems to be in part at least a function of 
the type of test used. As the tests require finer and 
finer coordinations the standard deviations increase, 
and the means of the separate distribution of the right- 
and left-handed move apart, All curves arc skewed 
and the direction of the skewness is negative in all 
cases except the Target Test. As the tests require 
liner and finer coordinations the negative skewness 
becomes more marked and the left-handed end of the 
distribution takes on more of the characteristics of 
an independent distribution. All distributions are lep- 
tokurtic, Perhaps the most important conclusion con¬ 
cerning the distributions of handedness is that they 
show no evidence of being normal curves. 
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3. Specificity of Handedness, All handedness 
measures are positively correlated with the r’s rang¬ 
ing from .2827 to 1.00 when corrected for attenuation. 
The percentage of overlapping for successive pairings 
of the tests when each test is taken in turn as the cri¬ 
terion of left-handedness, ranges from 32% to 94% 
with the majority of the values above 50%. From 
these data it seems safe to conclude that handedness, 
as measured by objective tests of this nature, is essen¬ 
tially unitary and not specific to the type of test. Later, 
some method of factor analysis will be applied to these 
data and the results will be reported in a separate 
article. 

4. Handedness and Chronological Age, Handed¬ 
ness changes, coincidental with chronological age, were 
found to be relatively slight. For the Pin Test the 
changes were inconsistent. For the Treasure and Es¬ 
cape Tests they were consistent in the direction of more 
decided handedness for the upper age levels. The dif¬ 
ference between the means of the 10- and 14-year-old 
groups was fairly large and was statistically significant. 
For the Target Test the change was opposite in direc¬ 
tion, that is, tending toward ambidexterity, In this 
case as well, the difference between the 10- and 14- 
year-old groups was large enough to be statistically 
significant. For the Composite Score the changes were 
inconsistent from level to level, reflecting the opposite 
influence of the Target vs. the Treasure and Escape 
Tests and the difference between the 10th- and 14th- 
year levels was not significant. From these data we 
may conclude that changes in handedness with chrono- 
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logical age depend upon the nature of these tests under 
consideration; when the tests involve relatively gross 
coordinations, the changes are in the direction of equal¬ 
izing the difference between the hands as the child 
grows older, and when the tests demand a relatively 
high degree of coordination and muscular control, the 
changes with age are toward greater differentiation be¬ 
tween the hands, 

5. Handedness Related to Achievement in Other 
Directions. Ail differences found between the left- 
handed and the right-handed in school achievement in 
work and conduct, and in achievement on subject mat¬ 
ter and intelligence tests, favor the right-handed group, 
but no differences were found to be statistically signifi¬ 
cant, Because of the relatively small number of left- 
handed cases, the investigation is inconclusive on these 
issues and any more definite findings must wait upon 
the accumulation of more data. 

6. The Criterion Questionnaire. The attempt to 
develop a criterion to be used to segregate more left- 
handed cases for further study was comparatively suc¬ 
cessful considering only the data having to do with the 
Composite Score, 142 out of approximately 1300 chil¬ 
dren having L-E-R scores between—10 and -|-5, This 
includes 95% of those who were definitely left-handed 
according to their Composite Scores with a 5% loss, 
and 92% of those who either were left-handed or ambi¬ 
dextrous according to their Composite Scores with 8% 
loss. Only 25% of the 142 were left-handed while 
32% were cither left-handed or ambidextrous, In 
other words, when the criterion, is used, 75% of those 
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selected will not be left-handed and 68% will be 
neither left-handed nor ambidextrous. These last two 
percentages may be called the percentage of ineffi¬ 
ciency, which is noticeably reduced if the narrower 
range of Criterion scores from —10 to —1 is taken, but 
the percentage of efficiency is also reduced to 87% 
for the left-handed and 82% for the left-handed and 
ambidextrous together. 

Recommendations for Further Research 

This investigation ought to be used as the starting 
point for a series of further studies along a number of 
different lines. A few such possibilities for further 
research are suggested here. 

Using the Criterion Questionnaire, left-handed and 
ambidextrous cases should be selected and measured 
with the test battery. Using these additional left- 
handed cases as the main experimental population, 
further deduction could then be made concerning the 
ways in which the left-handed do significantly deviate 
from the right-handed, if such deviations exist at all. 

The ambidextrous group could also be studied as a 
class to see if they deviate significantly from either the 
left-handed or the right-handed. 

If the larger sample of left-handed cases were com¬ 
parable in other respects with the sample of right- 
handed cases secured in this study, the distribution of 
scores for the left-handed and for the right-handed 
could be compared and some more reliable conclusions 
reached concerning the hypothesis that handedness is 
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better described by two distributions than by one con¬ 
tinuous curve taking in all degrees of handedness from 
one extreme to the other. 

If the handedness battery could be given to a selected 
group who also were tested by some of the indirect 
methods of measuring handedness, such as the method 
of action current precedence, the relation between these 
two approaches to the problems of laterality could be 
established. If more adequate tests of eyedness which 
would yield a continuous distribution of the degrees 
of eye dominance could be devised, these tests might 
also be related to handedness as measured by the test 
battery. 

The test battery or some modification of it might be 
used in Child Guidance Clinics to measure the direc¬ 
tion and degree of hand dominance for clinic cases. 
If some method could be devised for collating the re¬ 
sults of the use of these tests in wide-spread clinic 
situations with the other psychometric tests also em¬ 
ployed clinically, it might be possible to throw some 
light upon the persistent and yet contradictory reports 
concerning the effect of handedness and especially the 
change of hand dominance upon the emotional sta¬ 
bility and life adjustments of the child. The relation 
between handedness and stuttering could be established 
in a similar fashion, 
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APPENDIX 

Nomograph for the Computation of IUndi-oness Ratios 

R-L 

Formula —--= r 

R-l-E 

R fs the score of the right hand obtained on any Riven test. 

L is the score obtained with the I eh hand. 

r is the Handedness Ratio or the proportion that the difference 
between t/ie tivo hands is tp the rotai achievement 0 / both hands 
together, 

Data needed to enter the nomograph—scores 0 / right and left 
hands, 
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Directions: Find the R and L Values on the R and L scales. Draw 
a line or use a hair line dravrn oil i celluloid, strip tD connect the 
two points exactly. The desired ratio will be fcurtd on the hori¬ 
zontal scale. If R is greater than L, the Tatio will be positive and 
right-handedness will he indicated. If R Is less than L, the fatio 
will be negative and left-handedness will be indicated. 

Example: The dotted line drawn on tlie illustrative nomograph 
Connects the scores R=24 and L==8. R Is greater that! h arid 
the ratio, therefore, will be positive. The point at which the dotted 
line intersects the horizontal scale will indicate the degree of handed- 

ness which, in this case, is 

The nomograph given here is for illustrative purposes only, In 
actual practice, the nomograph used was drawn on standard 10x10 
Kcufel & Esser cross-section paper and the R and L scales were 
run up to 350.- A line scratched on a celluloid strip was used as a 
hair line, The nomograph gave results accurate to the second 
decimal place, which was sufficiently accurate lot all practical pur¬ 
poses since the scores were grouped In the statistical analysis with a 
step interval of 5 as the smallest urtih When the scores were less 
than 33 for each hand as sometimes happened In the Treasure and 
Escape Tests, the zeros w T ere disregarded on the 350 scale and the 
larger units w£re used with a considerable gain in accuracy, he,, 
250 was considered as 25 of 240 as 24, 

This nomograph is fundamentally similar to Nomograph No, 59 
Percentages, given by Dunlap and Kurtz (3). 
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LE DGVELOPPEMENT D'UNE llATTEIUE DE TESTS OBJECTIFS 
COLLECTIFS DE LA LATERALITfi MANUELLE AVEC LES 
RfiSULTATS DE LEUR APPLICATION A 1300 ENFANTS 
(Rcsumd) 

Li mcsurc de In Inllraliid manuclle nu moyen dc icala objcdifa (cla que 
Icb testa tic lapping cl dc Mobilild a etc limilt pout* la plupnrt nu Inboraloire 
psyclioloj?i«|ue. Cclic etude rappunc Ic d6vcluppemcni d’une bnilerie de 
qualrc icBla objcciifs collcciifa compnrablcs A bicn den dgartli nu type du 
labomloire, Lc lest dc able dans cclic bnilerie emplol unc pciile lance, 
un bois rond long dc 10 poucea nvee un goujon A poinle d'Apingle mis dnni 
une exlrfmiifi avee un nocud llntlique cn forme dc nocud caulnni attach! 

A 1'aulrc. On fait glisscr In main A Irnvers Ic nosud qu'on aerre autour 
du bras de aorte que Ic poigncl cal bien Berri el qu'il fnul employer lea 
muscles du coude, du bras, cl do I’enulc. On a perniis iroiB lanccmenls 
dirigfs vera chicunc dc Boixanic ciblca. Dana Ic teat dc poinlillagc ou 
"lapping," on I'cut eervi d'unc Ipinglc A Iclc dc verre pour piquer chnque 
circle du Uat ausai vUe qnc possible, C'cal un lest de lenipa Icquel mesure 
et la vitcase ot In precision. Deux Icaia do aiabiliii aonl basis sur une 
atric dc figure! conccntriquea, donl lea colds formenl tics voles d'unc Urgeur 
ddcroisannle A Irnvers leaquclles on lire unc liguc nu Crnyon cn esanyant de 
ne poB louclier Icb cfllds de In figure. 

Lea coefficients dc coiiainncc aclnn la mdihode "split halves" basic sur 
environ 550 caa ( qunnd corrigSa vnritnt de 0,75 A 0,90. 

On n'a pan diabli la validili scion la mdlhode tics corrflnliana A ciuac 
du manque d’un crilirc Buliafnisniu mala I'analysc logique dcs lead n'a 
rdvilfi aucun vrai prijugd cn favour dc I'unc ou dc I'auirc main. 

Lc rdsullnt pour 1'usagc dca mains n dli la proportion entre In diflircnce 
dona le rendement (tea deux rnAina el le icnilcmcni lolnl dca mnine, e'eat-i- 
R—L 

dire,-, la variation thiorlquc dcs rdsuluia dtnni ainai dc —1,00 A 

R-l-L 

+ 1 , 00 . 

Lea riaullals dca icola mcnircnt que lea teals tlifffrrcni bcaucoup (Inns le 
degrd moyen dc I'uaagc dca mnina cl dans In variability, mnia cnirc quntre 
et cinq pour cent du groupe entier soni gnuchera (Inns ions Icb tents. Lea 
courbes dc distribution bnsdes sur 1300 ens ne snnt pns cnliorcment sent- 
blablea dans tous lea leap mois Icb icils oil il s'ngil dca plun grnndcs qunn- 
litAs dc Coordinnlion monlrcnl dcs l5moignngcs dcfinia dc In bi-modality, 
dont la nnlure n'est pas cloire d aprii ccs donndea ii cause du petit nombre 
de cas dans Ic Begmcnt gauche dominant dc la courbc, On n'a trouyd 
aucune relation nan Equivoque cnirc l'usage dcs mains cl I’agc chronologique 
ou Ic rendement scelaire dona ccs donnics, 

On a teslfi un questionnaire dc dix qucslicms, npposi A cede batlerie dc 
tesla, duns le but dc cheisir d'niilrca ens dc gauclicric ct il s'cat montri 
d'unc Vnleur dc plus de 90% (Inns In ndlccliun dca gnuchers scion une 
6num6rntion composie dcs rfiaullats oil inun lea (luatrc (chib uni hib con- 
sldiris dc valcur dgalc. 
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DIE AUFSTELLUNG EINER BATTERIE VON OBJEKTIVEN GRUP- 
PENSTESTS DER HANDVORHERRSCHUNG ZUSAMMEN 
Mir DEN ERGE3N1SSEN IURER ANWBNDVNG 
BEI 1300 KINDERN 
(Referat) 

Die Messung der Handvorherrschung durch cbjektive Tests wie Klopfen 
und Stetigkeitstests hut sich zum grossen Teil aul das psychologiache Labora- 
torium beschriinkt, Dieses Studium berichtet liber die Aufstellung einer 
Ballerie von vier cbjektiven Gruppentests, welche in mancher Hiimcht deni 
Laborfitoriumtypug vergleichbar sind. Bei dem Zielscheibentest in dieser 
Batterie wird ein Zielschcibenwurfspeer verwandt, der flus einem 10 Zall 
langen hblzernen Pfeil besteht, in den ein gespitzter Dubel an einein Ende 
eingesteckt und mit einer elastischen Schlinge am anderen Ende gebunden 
wurde, Die Hand wird durch die Schlinge geschlupft, die urn den Arm 
festgezogen wurde, damit das Handgelenk krfiftig befestigt und der Ge- 
brauch des Ellenbogens, Arm- und Schulfermuskel erzwungen wurde. Drei 
Wurfe auf jede von sechsig Zlelscheiben wurden gestattet. Bei dem Tiijr- 
feln- oder Klopfentest wurde eine glaskdpfige Stecknadel moglichst schncll 
zum Durchstechen jedes Kreises in dem Test gebrnucht, Dies ist ein 2eit- 
test, der sewohl Schnelligkeit wie Genauigkeit misst. Zwei Stetigkeitstests 
bestehen aus einer Reihe von konzentrischcn Figuren, deren Seiten Wegc 
von abnehmender Brcite bilden, durch die ein Strich mit cinem Bleistift 
geZDgen wird, wiihrend der Versueh gemacht wird, die Seiten der Figur 
nicht zu beriihren. 

Die Zuverlassigkeitskoeffizienten vermittelst der gespalteten Hilften- 
methode (split-halves method), welche ungefiihr 6S0 Falle umfassen, 
rangierten von 0,7 6 bis 0,90, wenn sie verbessert wurden. 

Die Giiltigkcit wurde durch die Korrelationsmcthode deawegen nicht 
festgcstellt, well es kcln angemessenes Kriterion gab, aber die logigche 
Untersuchting der Tests wies Jceinen wesentlichcn Vorteil zugunsten einer 
der beiden Hande auf. 

Der Handvorherrschungswert war das Verhiiltnis zwischen dem Unter- 
schied in der Augfilhrung der beiden Hande und der Gesamtausfiihrung der 

R—1L 

Hande, d.h., -, woraus folgt, dass der theorctische Umfang der 

R+L 

Werte sich von —1,00 bis +1,00 eratreckt. 

Die Ergebnisse zeigen, dnas die Tests sehr in dem Durchschnittsgrad der 
Handvorherrschung und in der Veriinderlichkeit abweichen, aber zwischen 
vier und fiinf Prozent der Gesamtanzahl der Vpn. sind linkiindig bei alien 
Testa. Die Verteilungskurven von 1300 Fallen sind einander von Test zu 
Test nicht ganz iihnlich, aber diejenigen Tests, die das grosste Zusam- 
menwirken verlangen, zeigen bestimmte Zeichen der Bimodalitat, deren Natur 
aus diesen Daten nicht klar ist, wegen der kleinen Anzahl der Falle in dem 
linksherrschenden Segment der Kurve. Kein unzwEideutiges Verhiiltnis 
zwischen Handvorherrschung und chronologisehem Alter, Intelligenz ader 
Schulleistung stellte sich hcraus. 

Ein aus zchn Fragen bestchender Fragebogen zum Zweck der Auffindung 
von noch anderen Fallen der Linkhandigkeit wurde gegen die Testbatterie 
verwandt, und es erwies sich, dass er iiber 90% wirksam zur Auffindung 
derjenigen ist, welche linkhiindig waren nadi einem zusammcngesetzten 
Wert, bei dem alle vier Tests ein glelches Gewicht bekamen. 
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I 

GENERAL PROBLEM AND EXPERIMEN¬ 
TAL PROCEDURES 

A . Introduction 

In this monograph a report is given of a series of 
experiments which have been carried out by the writer 
during the last two years in an effort to gain a further 
understanding of the prenatal development of reflexes 
and of the origin and early growth of organized sys¬ 
tems or patterns of behavior in a typical mammal. 
Specifically, the study deals with the responses released 
by the systematic stimulation of a large number of defi¬ 
nitely located receptor areas, or "reflexogenous zones,' 1 
in a series of fetal guinea-pigs each of known gestation 
age. The terms “reflex” and “behavior patterns” are 
defined in the discussion at the end of the paper, At 
this point it may be said that these terms are employed 
for convenience, and their use is not intended to imply 
any particular theory of behavior 

The conditions of the experiment are first described 
and then as complete a picture as possible is given of 
the complexity and yet the regularity of the behavior 
released by controlled stimulation of specific areas at 
various stages in these fetuses. At the end of this presen¬ 
tation the results of the study are summarized in a series 
of conclusions which involve certain positive state¬ 
ments and an evaluation of a number of current theories 
of the development of behavior. These conclusions are 
so presented as to show the bearing of the present in¬ 
vestigation upon certain insistent problems of psy¬ 
chology. 
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B , The Experimental Animal 

The guinea-pig was chosen for this study for a num¬ 
ber of reasons. It is a readily available laboratory ani¬ 
mal. Its fertility is such as to make it satisfactory for 
a study of fetal phenomena. Many important aspects 
of the morphology and physiology of the organism are 
known as a result of intensive study by biologists. Its 
Jong period of gestation seemed likely, on the basis of 
previous work, to present an unusually comprehensive 
series of fetal behavioral phenomena. And, finally, an 
excellent study of the development of behavior, from 
the psychological point of view, during the latter part 
of the gestation period, after air breathing could be es¬ 
tablished in the fetus, has been previously reported by 
Avery (6). 

The work of Schulz in 1829, Bischoff in 1852, Reich¬ 
ert in 1861, Hcnscn in 1876, and Rubaschkin in 1905, 
on the special phenomena of reproduction in the 
guinea-pig, has been summarized by Stockard and 
Papanicolaou (86). Among the more recent writers 
who have contributed knowledge to this field and espe¬ 
cially to the knowledge of the nature of the reproduc¬ 
tive cycle in the guinea-pig may be mentioned Loeb 
(56, 57, 58), Read (78), Stockard and Papanicolaou 
(B6, 97, 88), Ishii (+9), Draper (28), Avery (5), Ib¬ 
sen (45), Hannan and Prickett (39), Young, Myers, 
and Dempsey (106), Hannan and Dobrovolny (38), 
and Dempsey, Myers, Young and Jennison (25). 

The animals used in the experiment were kept on a 
full diet and at relatively constant temperature condi- 
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tions. Characteristically, the mean length of the oes- 
trous cycle is set at 16 days and 7 hours by Young, 
Myers, and Dempsey (106) in the adult female guinea- 
pig, the total range being between 13 and 21 days. 
There is variability also in the length of time that the 
“heat period” lasts. Its mean length is set at 8.01 
hours by these same investigators. In the present ex¬ 
periment the colony of animals was examined frequent¬ 
ly for behavioral and vaginal indications of sexual 
activity. When a female was found to be in heat it 
was placed with a sexually active male. The exact 
time of copulation was recorded. Every litter used in 
the present study was dated in this manner. 1 

In the guinea-pig ovulation almost certainly occurs 
within 8 hours after the end of oestrous. With safety 
one may assume that conception follows within 12 
hours after copulation. Copulation age, with an er¬ 
ror of less than 12 hours, thus gives the true age of the 
embryos of fetuses resulting from the known copula¬ 
tion. In this study, therefore, copulation age itself 
will be used in describing the age of fetal litters. 

The period of gestation in the guinea-pig is gener¬ 
ally taken as 68 days, although Draper and others have 
presented evidence that it may vary from 63 to 70 days. 
The wide range of time is possibly due to the confusion 
of late abortions with normal birth. 

YThe author wishes to express gratitude to Dr. William C, Young 
and to his collaborators, Messrs. H, I. Myers and E. W. Dempsey, 
who were kind enough to direct the mating of a large number of the 
animals used in the study, This work was clone as part of a general 
investigation of the sex-cycle of the guinea-pig which is being carried 
out by Dr. Young and his collaborators, 
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In the present experiment fetal litters of known 
copulation age from H7 adult females were prepared 
for study, Because of accidents and the desire to use 
only absolutely normal animals, however, the data of 
this paper are based exclusively upon 60 litters which 
provided a total of 178 fetuses. In 'Fable 1 the copu¬ 
lation age, an arbitrarily assigned identifying number, 
and the number of fetuses in each litter are presented, 

TABLE 1 

Showino Post-Co 1* u l at ion Days, Identifying Nomddr, and 
Number or Fetuses of Animals Actually Used 
in the Present Study 


llnya 

No. 

Fclunca 

Days 

No. 

Feluiei 

25 

1 

3 

41 

31 

3 

27 

2 

3 

44 

32 

3 

27 

3 

4 

45 

33 

1 

27 

+ 

3 

•16 

34 

3 

28 

5 

2 

47 

35 

2 

29 

6 

4 

47 

36 

4 

29 

7 

1 

43 

37 

2 

30 

8 

3 

49 

33 

4 

in 

9 

3 

•19 

39 

4 

31 

10 

4 

50 

40 

4 

31 

11 

2 

51 

41 

4 

32 

12 

3 

52 

42 

2 

32 

13 

3 

53 

43 

4 

32 

14 

3 

54 

44 

2 

33 

15 

3 

54 

45 

4 

33 

16 

2 

55 

46 

2 

3+ 

17 

+ 

56 

47 

3 

35 

IS 

3 

57 

4 8 

1 

35 

19 

3 

58 

49 

3 

, 35 

20 

4 

59 

50 

2 

' 36 

21 

3 

60 

51 

3 

36 

22 

3 

61 

52 

3 

37 

23 

3 

61 

SI 

Z 

3B 

24 

4 

62 

54 

3 

39 

25 

2 

63 

55 

3 

39 

26 

4 

64 

56 

3 

39 

27 

2 

64 

57 

2 

40 

28 

3 

65 

5B 

3 

41 

29 

4 

66 

59 

2 

i 42 


3 

67 

60 

2 
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The difficulty in preparing this material leads the 
writer to confirm emphatically Draper’s statement that 
the fecundity of the guinea-pig has been exaggerated. 

C. Operative Preparation of the Pregnant 
Adult Animal 

Preyer’s study had indicated that the fetus of the 
guinea-pig was immobile until about the 28th day 
(76), as had that of Yanase (104). In the present 
study, therefore, it was planned to begin at a period 
just before this and then to study one or more litters 
dated on successive days up to the normal birth time, 
which was set at 68 days. 

The experimental procedure consisted in adminis¬ 
tering ether for less than two minutes to the pregnant 
female whose fetuses were to be studied. As soon as 
the animal was completely anesthetized an incision of 
approximately 4 cm. was made in the mid-line of the 
dorsum of the neck parallel to the long axis of the body. 
The subcutaneous tissues and muscles of the neck were 
then quickly dissected away, exposing the cervical ver¬ 
tebrae of the spinal column. A specially constructed 
knife was then inserted between the 4th and 5th cer¬ 
vical vertebrae and the spinal cord completely tran¬ 
sected. In most instances this whole operation re¬ 
quired less than three minutes. Immediately after the 
operation, while the animal was still anesthetized, a 
long abdominal skin incision was made. The animal 
was then allowed a period of approximately 2 hours 
to recover from the effects of the anesthetic. As a re- 
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suit of the transection of the cervical cord just de¬ 
scribed, the maternal animal was, save for spinal re¬ 
flexes, immobile below the region of the section. As 
judged by behavior, the whole region below the cut was 
insensitive. This operation was peformed because the 
decerebration of the adult female, as a preparation for 
the study of fetal behavior such as that employed, for 
example, by Coronios on the cat (22), proved difficult 
in the guinea-pig. The cord transection led to very 
little loss of blood and seemed to be a satisfactory op¬ 
eration for the purposes of the present study. It ren¬ 
dered the animal immobile and insensitive at the re¬ 
gion of the abdominal operation, but did not interfere 
with the function of either lungs or heart and thus fe¬ 
tal circulation was maintained unimpaired, 

After the period allowed for the passing of the ef¬ 
fect of the anesthetic had elapsed, the prepared adult 
female was tied to a wire frame and lowered to the 
shoulder level into a specially constructed bath ap¬ 
paratus filled with physiological salt solution. The salt 
solution of the bath was maintained at a constant tem¬ 
perature of 37.5 ± .5° C. by immersing the tray in 
which the solution was contained in a larger tank filled 
with tap water, which was kept at the desired tem¬ 
perature by thermostatically controlled electric 
heaters. 

As soon as the adult animal, supported ventral side 
up at an angle of 30 fl on the frame, had been placed in 
the bath so that its body below the shoulder girdle was 
immersed in the warm salt solution, a deeper incision 
was made, under water, in the abdomen, and then by 
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a suitable further operation the fetuses were one by 
one released from the uterine membranes. Great care 
was taken to carry out this operation without loss of 
blood. Usually so little blood was actually lost that 
the water was not discolored. In this operation care 
was exercised to maintain the placenta, the umbilical 
cord, and the -whole fetus itself in such a position that 
tensions did not arise which might interfere with nor¬ 
mal fetal circulation. 2 

D. Experimental Procedures With the Fetal 
Organisms 

Before opening the amnion a motion-picture camera 
fitted with special lenses was focused at approximately 
20 inches above the bath apparatus, so that, as desired, 
a record could be secured of the first movements of the 
fetus made after opening the amnion and of significant 
subsequent sequences of behavior. 3 

A rubber-covered adjustable lead supporting-stand 
was arranged to provide a sort of hammock upon 
which the fetus to be studied could be supported in any 
desired position. 


2 The author wishes to express bis gratitude to Dr. James D. Coro- 
nios who cooperated in each experiment carried out. The results.of 
Dr. Coronios 1 observations on the same fetal material considered here 
will be published in a separate paper dealing with the motor de¬ 
velopment of the fetal guinea-pig in relation to age and external 
anatomical measurements. Thus, two (and sometimes three) 
trained observers watched every fetal movement which was recorded. 
They also checked the accuracy of each dictated protocol. 

3 The writer wishes to express his gratitude to the National Re¬ 
search Council for a grant in aid of research which made the purchase 
of this film possible. 
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When the fetus had been thus prepared it was sys¬ 
tematically studied by stimulating it at as many of the 
104 points indicated on the Chart of Receptor Areas, 
given as Figure 1, as seemed expedient To accom¬ 
pany this chart, which was used as a guide by the ex¬ 
perimenter, a series of mimeographed eight-page book¬ 
lets were made. One such booklet was used for each 
fetus studied. The description of behavior was writ¬ 
ten out in shorthand by the author’s wife. Immedi¬ 
ately after the experiment the shorthand notes were 
transcribed in permanent record booklets. During the 
course of each experimental period long sequences of 
behavior were recorded by the motion-picture camera. 
These pictures, of course, had to be taken of the fetus 
while it was under the water of the bath, and in order 
to make such photography clear two 500-watt spot¬ 
lights were arranged so that they could be focused on 
the fetus while the camera was being used. The use 
of these recording films has made possible the obser¬ 
vation of many aspects of behavior which would other¬ 
wise have remained unobserved. The advantages of 
this method of recording in the study of fetal and neo¬ 
natal behavior have been pointed out elsewhere (91, 
37). 

At different times, as will be indicated in the study 
below, the behavior resulting from the following 
modes o] stimulation was noted: (1) Non-experiment- 
ally controlled stimulation. This sort of stimulation 
is the result of general external and especially internal 
energy changes in the conditions affecting the organ¬ 
ism or certain cellular systems of the organism and leads 
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to or facilitates behavior that is generally called “spon¬ 
taneous movement," Under this heading the specific 
gravity and the normal temperature of the medium 
(such as air or water) in which the fetus is living 
should be included, as should also incidental stimuli 
such as those resulting front contact with the support¬ 
ing frame, vibration of the room, and the like. For 
an evaluation of the concept of “spontaneous activity" 
see Skinner (84). (2) Light punctiform touch by a pli¬ 
able hair fastened at right angles to the end of a wood¬ 
en probe in the manner of a von Frey csthesiometer. 
(3) Light stroking by the csthesiometer, thus giving a 
form of areal stimulation. (4) Deeper pressure by a 
strong bristle or blunt probe. (5) Prick by a sharp 
needle also fastened at right angles to a wooden han¬ 
dle, (6) Light pinching of skin and superficial mus¬ 
cles by forceps. (7) Probes of various sizes to be in¬ 
serted in the mouth. (8) Movement of an appendage 
at a joint by holding the distal end of the member and 
manipulating it. (9) Electrical stimulation by single- 
break shocks and by an interrupted current from an in- 
ductorium. (10) Drops of water of temperature the 
same as, above, and below that of the bath. (11) Loud 
sound produced by a whistle. (12) Bright light pro¬ 
duced by 500-watt bulb in a spot-light. (13) Bends 
and twists of the head and neck in the study of “Mag¬ 
nus reflexes.’ 1 (14) In late fetuses, removed from pla¬ 
cental circulation and breathing air, rotation on a turn¬ 
table. (15) Also in late fetuses taste and smell stim¬ 
uli. 

As noted in the report of results, the above modes of 
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stimulation were in many instances used at different in¬ 
tensities, 

The responses given to the various forms of stimuli 
just outlined are not by any means to be considered as 
simple direct functions of the stimulus used. Indeed, 
a series of factors which may be called the variable 
conditions of the organism influence the results secured 
from stimulating active fetuses, Beside the mode and 
intensity of the stimulating energies described above, 
the response given by the fetus must be considered as 
a complexly determined act dependent as well upon the 
following factors: (1) The gestation age of the fetus 
and all of the correlated ariatomical and physiological 
characteristics of the variable genetic stock and age in 
question, including, as most important, the structural 
development of the receptor-neuro-muscular mechan¬ 
ism. (2) The size of the area stimulated. (3) The 
number of stimulations given in a specific time (that 
is, allowance for the phenomena of “summation" and 
“fatigue"). (4) The transient physiological condi¬ 
tion of the fetus at the time of stimulation (that is, de¬ 
pendence upon blood supply, immediately antecedent 
activity, and the like). (5) The general body posture 
of the fetus at the time of stimulation. (6) Unknown 
changes in the visceral or other internal conditions. 

A consideration of the variable conditions of the or¬ 
ganism just presented makes it clear that any simple 
correlation between a “single stimulus" and a “unitary 
response” in a fetus of a particular age cannot be hoped 
for, However, in all of the experiments of the pres¬ 
ent study every effort was made to maintain conditions 
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as constant as possible. It must be clearly stated, how¬ 
ever, that, because of the different modes of stimulation 
and the variable conditions of the organism outlined 
above, absolute consistency on the same age cannot be 
expected. In spite of these variable factors, however, 
the writer has been surprised in the course of this study 
at the uniformity of response that appears in the whole 
series of fetuses. 

The Chart of Receptor Areas shown in Figure 1 was 
developed after some preliminary experimentation. 
On the chart arc indicated the zones which were stimu¬ 
lated in a routine manner in each fetus studied. The 
novel results of this study are in no small measure due, 
it seems , to the fact that previously unrecognized be « 
humoral sequences could be observed in this investiga¬ 
tion as a result of the comparability of stimulus pro¬ 
cedures frotn lelal stage to fetal stage made possible 
by the consistent use of this chart, It is believed that 
this form of relatively complete, constant, and there¬ 
fore comparable stimulation from fetal stage to fetal 
stage has never before been applied as systematically 
and extensively as it has in the present investigation, 



II 

EXPERIMENTAL RESULTS 

The limitations of space prevent the publication of 
the full series of protocols taken during the course of 
this rather complete' experimental exploration of stim¬ 
ulus-released behavior at each developmental level. 
The full transcription of the protocols occupies more 
than four hundred typewritten pages, and yet in this 
investigation, from one point of view, these complete 
protocols alone can give the true picture of fetal activ¬ 
ity as it has been observed in the many fetuses of many 
ages used in this study. In the present paper a few com¬ 
plete protocols are presented which give the recorded 
responses in each of the series of fetuses studied result¬ 
ing from the stimulation of a numbered receptor area. 
In most instances, however, only brief summaries of 
the protocols can be offered. 

It should be emphasized that the course of experi¬ 
mentation was to stimulate each spot that could effec¬ 
tively be stimulated in each fetus studied. The com¬ 
plete record of response of each fetus was thus taken 
down on a record booklet, as described above. At no 
time did the observer read any previous protocol just 
before an experiment. The animals were also taken 
in random order, so far as fetal age was concerned. As 
much as 18 months sometimes intervened between, for 
example, the record of response to touching the lower 
eyelid in a forty- and in a forty-one-day fetus. Ob¬ 
viously suggestion and “knowing-what-to-lcok-for” 
were thus practically ruled out. The consistency, or 
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lack of consistency, of results given in any protocol <jj 
printed here is the result of reorganizing all the pro¬ 
tocols and arranging the •written observations in chron¬ 
ological order after the complete experiment was over. 
The consistency of results given in certain series of pro¬ 
tocols was a complete surprise to the writer and was 
discovered when the study was being prepared for pub¬ 
lication. The constancy, that is, became apparent only 
when the protocols which had, of course, been taken 
completely on each fetus were broken up and arranged 
chronologically according to each receptor area 
studied. 

In a previous paper the present writer has discussed 
the problem of the stage at which observations which 
are to be taken as significant for an understanding of 
behavior should begin (IS). The succession of gen¬ 
erations is endless. Always in dealing with an animal 
some antecedent life events may be discovered which 
are significant in understanding the organism as it is 
at the time of observation. This is true whether it be 
the condition of the germ cells before fertilization or 
the make-up of the response mechanism before the first 
reaction to internal or external stimulation has oc¬ 
curred. For a scientific and logical orientation in this 
field see Gesell and Thompson (37). 

In the present paper, rhythmic muscle contraction 
of the sort characteristic of the beating heart of the em¬ 
bryo will not be considered as the beginning of true 
behavior, but rather the first externally observable re¬ 
sponse of skeletal muscle will be taken as marking the 
onset of such activity. 
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In the present study the first response which could 
be surely identified occurred in an organism of 28 post¬ 
copulation days. In this stage, and indeed in the five 
or six days immediately following this first observable 
external movement, it was not possible to use the sys¬ 
tematic Chart of Receptor Areas which has been de¬ 
scribed above. The first transitory behavior phenom¬ 
ena may therefore best be summarized in the follow¬ 
ing paragraphs under heading “A”, while under head¬ 
ing “B” will be given the much more extensive series 
of protocols taken on animals which were systemati¬ 
cally investigated, 

A. Reaction or Early Motile Stages (27-31 days 

INCLUSIVE) 

21 Days. Three separate adult animals were used in studying 
this age (Animals Nos. 2, 3, and 4). In no one of the nine normal 
fetuses studied was there any externally observable movement. 
Regular rhythmic heart beat could be observed in each fetus through 
the thin and almost transparent chest wall. Fatadic stimulation led 
to direct muscle contraction. 

28 Days, The animal (No. 5) studied at this age had two 
fetuses. No movement was observed in the first fetus, although 
muscle contraction was elicited in it by faradic stimulation resulting 
from applying electrodes directly to the muscles. In the case of the 
second fetus, while still inside the wholly transparent amnionic sac, 
"spontaneous tnovcinents," in the sense of the term as defined above, 
could be observed. These movements consisted in a slow lateral 
bending of neck and possibly thoracic trunk on one side so that the 
head was moved laterally. Weak flexion of the fore leg was ob¬ 
served at the same time. It seemed that this fore-leg movement once 
occurred without any accompanying trunk or neck movement, When 
this organism was allowed to come out of its sac into the warm bath 
of salt solution no further 'movement was observed, nor could move¬ 
ment be elicited by cutaneous stimulation. 
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29 Days. Two adult animals were studied at tliis stage (Nos. 

6 and 7). The first had lour fetuses. The first of these fetuses 
demonstrated spontaneous movements before removal from the sac. 
The most notable of these movements was a synchronous bending of 
the neck so as to how the head at the same time that a definite flexion 
of the most readily observable fore leg occurred. After removal 
from the sac no further movement, save heart beat, could be observed. 
There was no response to exteroceptive stimulation. In the second 
fetus movement was seen as the fetus was shelled out of the 
amnion. This fetus gave marked direct muscle contraction to 
fflradic stimulation. In the third fetus, while still in the sac, move¬ 
ment of the head and flexion of both fore and hind limbs were 
observed. When removed from the sac, however, no further move¬ 
ment could he observed. In the fourth fetus no movements were ob¬ 
served, save those resulting from direct electrical muscle stimulation. 

The second adult animal operated upon nt this age had but one 
fetus. No movements save those brought about in muscles by direct 
faratlic stimuli were observed, The heart beat of this fetus was 
regular, however, 

30 Days. Two adult nnimnls were operated on at this age (Nos, 
8 ami 9). One of the animals had three fetuses, The first fetus of 
this animal, observed while still within the amnionic sac, shewed 
spontaneous definite flexion movements of the fore limbs. These 
movements seemed to involve both head and trunk responses and 
probably also slight flexion of the hind limbs. These movements 
continued after the fetus had been removed from the sac, but were 
of smaller amplitude, No reactions could be clearly shown to result 
from stimulation applied by the experimenter. In the second fetus 
of this litter, also observed in the sac, flexion of the fore and pos¬ 
sibly also of the hind limbs was observed, accompanied by lateral 
head movement. No definite trunk movement could be observed. 
In the case of the fore-limb movement it seemed that there was 
slight articulation at the elbow. The third fetus of this litter, after 
being shelled out into the bath, showed a unilateral flexion of the 
trunk (a "C” movement) so that both head and rump were brought 
nearer the surface of the water. Fore-limb flexion was observed at 
the same time with flexion at elbow joint. The hind-leg movement 
which was observed was possibly related to the bending of the body, 
In the ease of each of these fetuses the time of the observation was 
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limited. Movements persisted only from a few seconds to two min¬ 
utes after observation began. 

The second adult operated upon at this period had three fetuses. 
In the first of these, while still in the amnionic sac, the left fore 
leg was observed to be brought up to the side of the face, Heart 
beat was also observed, but no further movement. No movement 
was seen in the second fetus of this litter. While the third fetus 
was still inside the sac, a sharp spontaneous movement of the left 
fore limb, adducting it toward the belly, occurred. A general lateral 
trunk' flexure also occurred in this fetus. In no one of these three 
fetuses could movement by stimulation be elicited after it had been 
removed from its sac. 

31 Days, Two adult animals were studied at this stage (Nos, 
10 and 11), but in the case of one animal no movement or heart beat 
could be observed in any of the four fetuses. In the second adult 
animal no movement or heart beat was observed in the first fetus 
exposed, but rather elaborate "spontaneous 11 behavior was recorded 
for the second fetus. In this fetus, after removal from all sacs, definite 
lateral trunk flexion was observed, These movements were accom¬ 
panied by fore- and hind-leg flexion and by weak neck flexion leading 
to bowing of head. At another time a number of strong M C" move¬ 
ments brought both head and rump toward surface of water. As part 
of this "C" movement both hind legs moved with what seemed to be 
articulation not only at the hip but at the knee. At one time the 
“C" movement seemed to lead to an extension of the spine with a 
consequent postural stiffening of the whole trunk. What seemed 
to be slight contraction of the muscles of the abdominal wall was also 
observed. In one instance a slight circumduction of the fore limb 
followed by a distal movement of the limb with articulation at the 
carpus took place, Again and again hind-leg flexion followed by 
flexion of the contralateral fere leg was observed. The fore-limb 
movements, however, were smoother and more definite than were 
the observed hind-leg movements. 

.This 31-day fetus was the youngest fetus of those observed 
in this study to give a definite response to experimentally 
applied external stimuli. When touched on the face no 
definite response could be elicited, but when the esthesiometer 
was applied to the region which would later form the fully developed 
concha of the ear definite fore-leg movements were elicited which 
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were accompanied by a flexion of the neck which led to a bowing of 
the head. The bowing occurred synchronously with the slight rais¬ 
ing of the fore limb. A motion-picture record of this movement waB 
fortunately secured. 

B , Reaction of Fetuses Showing Definite 
Responses to Experimentally Presented 
Stimuli 

In the paragraphs above we have seen that, as the 
result of conditions independent of any stimuli applied 
by the experimenter, quite elaborate responses occur. 
In the case of one fetus of 31 gestation days just con¬ 
sidered, it proved possible to bring about response to 
tactual stimulation. 

On the following pages are presented a series of ob¬ 
servations concerning the onset and change in re¬ 
sponses as such responses appear following the system¬ 
atic exploration of the exteroceptive field of a series 
of fetuses as shown in Figure 1, 

In each case the responses given are the result of 
lightly applied pressure as described above, when the 
contrary is not specifically noted. In the case of the 
complete protocols a series of numbers in brackets at 
the beginning of each observation signify (1) the age 
in days of the fetus determined from the recorded time 
of copulation, as D32, (2) an arbitrarily assigned iden¬ 
tifying number referring to the adult female in which 
the fetus developed, as No. 13, and (3) in certain in¬ 
stances, a number preceded by F, which indicates a 
particular fetus of the litter, as F2. (Where no F is 
given it is assumed that Fetus 1 is being considered.) 
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The letters N. R. signify th.at no response followed 
stimulation. 

In reporting the results, the point of stimulation as 
defined on the chart will be presented and then the re¬ 
action to this point will be given at successive gestation 
ages from 32 days after copulation to the end of the 
normal prenatal developmental period at 68 days. It 
must, of course, be remembered that in younger stages 
it was not possible to stimulate at all the points indicated 
upon the chart, because anatomical development had 
not progressed to a point at which such fine discrim¬ 
ination of area was in all cases possible. It must also 
be kept in view that the responsive life of the early 
motile fetus is not as great as it becomes in the middle 
and later part of the gestation period. Thus, it was 
not possible to explore the receptive areas of the 35- 
day fetus for more than a few minutes before definite 
signs of a decrement in response were noted. On the 
other hand, in later fetuses it was possible to study one 
fetus for several hours and still have no apparent loss 
in the speed or adequacy of response. It must also be 
apparent in these reports that the regions which were 
selected before the experiment began as points of stim¬ 
ulation are, from the results of the experiment, shown 
to be in some cases needlessly overlapping with other 
points, and in other instances the points selected were 
rather non-significant. Complete mapping of the re- 
flexogenous zones which are indicated here would 
necessarily require a psychophysical technique similar 
to that employed in mapping the blind spot of the eye. 
Such a procedure would entail the use of dozens or 
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even hundreds of animals at each gestation age, Once 
again, therefore, it may be said that the results given 
below should be taken as preliminary rather than as 
the result of a final survey of the growth of the reflex- 
ogenous zones and stimulus-released behavior in the 
fetal guinea-pig. 

We now turn to consider, area by area, the responses 
released by systematic stimulation at different post¬ 
copulation ages, 

1. /Ingle of Lip. (1)32, Nil 13). A slight lateral flexion of 
neck occurred nt once, thus bringing head toward the stimulus. At 
the same time a lateral flexion of the rump took place- The fore 
leg was then brought up toward hut not touching the mouth, (D32, 
No, 14, F2) At first both fore paws were raised toward 
the head and then synchronously flexed. (1)32, No. 14, F3) 
The fore paw was raised so ns actually to touch the point 
stimulated. After a few seconds the stimulus was repeated 
and exactly the same precise localizing movement occurred. (D33, 
No. 16) A slight extension of the hack occurred, which was quickly 
followed by a flexion of the whole trunk and a flexion of both bind 
legs, (D34, No. 17) The head was pulled up ami rotated sharply 
so ns to remove point of stimulation from stimulus. Doth fore legs 
were then brought up toward snout; the liomolatcral leg brushed 
the spot stimulated during this movement. On re-stimulation the 
same sequence occurred, (D35, No. 20) The head was pulled 
away to side. A twitch of all four limbs occurred, which was fol¬ 
lowed by a definite but slow raising d! the liomolatcral fore leg up 
to side of face, In this ease the paw did not touch the lace. "When 
the paw was over the face, however, it executed several "brushing 
movements." (D35, No. 19) After stimulation an opening of 
the mouth occurred at once. This was followed by responses of the 
body muscles which included fore- and hind-limb movements. (D36, 
No. 21) A shake of the head with extension of trunk occurred at the 
same time that a rather rapid raising of liomolatcral fore limb took 
place. This posture of the fore limb was maintained for several sec¬ 
onds, (D36, No, 22) The liomolatcral leg was brought lip to mouth. 
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During this time the mouth opened and closed several times. 
Eventually several digits of the paw were placed in the 
mouth. (D37, No. 23) Stimulation led to movement of the homo¬ 
lateral fore leg toward the angle of the lip. (D37, No, 23, F2) A 
very light touch of lip led to slight pushing out of the tongue (D39, 
No. 24) The liomolateral fore limb was extended. On second stim¬ 
ulation this was repeated, but in neither case did the paw come in 
contact with the face. (D39, No. 27) On light pressure stim¬ 
ulation the tongue was pulled into the mouth. The muscles of the 
vibrissal area contracted so as to corrugate the skin above them. 
Fore-leg movements were executed which involved brushing of the 
snout. (D39, No. 25) The vibrissae pad was slightly corrugated 
and the heterolateral hind leg twitched and was then brought up 
toward but not touching the point of stimulation. (D40, No. 28) 
A twitch of the vibrissae pad to a single touch was noted. To re¬ 
peated stimuli the twitch of the vibrissae pad occurred again and 
both fore legs were brought up and the homolateral limb was brought 
over so that the spot was brushed. (D41, No. 29) The tongue 
was thrust forward. (D42, No. 30) Very light stimulation led 
to protrusion of the tongue. (D43, No. 31) The homolateral fore 
limb was brought up to the spot, which was then brushed by the 
paw. (D44, No. 32) To a very light touch, a slight opening of 
the mouth with a corrugation of the vibrissae pad occurred. To a 
stronger stimulus a slight upward snap of the head took place, re¬ 
sulting from neck extension, and both fore legs were brought up 
toward the face. Tongue movements also occurred. (D45, No. 
33) Specific and definitely localized movements of the upper lip 
occurred on the side toward the stimulus. At the same time the 
homolateral fore leg was flexed at the elbow and the limb was 
brought up to the snout with a maintained flexion also at the wrist. 
The digits were slightly flexed and maintained in a "cupped" pos¬ 
ture. The liomolateral hind leg was flexed and adducted toward 
the belly. A slight twitch of the head also occurred. (D45, No. 
33, F2) Elevation of both the upper lips in a "snarl 1 ' took place 
accompanied by a quick sharp extension of the spine, thus stretching 
the whole body. This occurred at the same time as an upward 
jerk of the head. An extension of both hind and fore legs 
also took place. The fore legs were then brought up to but did not 
touch the snout. (D46, No. 34) To stimulation a quick twitch 
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of the vibrissnc pad occurred, Movements of the fore legs in the 
general direction of spot stimulated then took place, but the reac¬ 
tion was not specifically localized. (1)4-7, No, 35) On stimulation 
both fore legs were rapidly extended and elevated so that they touched 
the lower part of the chin. When a small brush was substituted for 
the single-hair stimulus the mouth opened and the upper lip was 
raised with a precise local response. (049, No. 37) To stimulus 
a twitching of the vibrissac pad could be observed, together with an 
extension of the homolatcrnl fore limb, which did not rise far enough 
to touch die point stimulated, (D52, No. 42) After stimulation, 
movement of all four limbs was noted, with possibly a greater flexion 
of the homolatcral fore limb than of any of the others, (D53, No. 
43) Stimulation led merely to a short twitch of the vibrissac pad. 
(D54, No. 44) At first to stimulation at the exact point indicated 
on the chart no response occurred, but by moving the hair a few mm. 
to the outer edge of ihc vibrissnc pad a single touch led to a twitch 
of the paw on that side. When the angle of the lip was again stim¬ 
ulated, the mouth opened with a contraction of the muscles around 
the angle of tile lip and a protrusion and retraction of tongue oc¬ 
curred several times, (D54, Nn, 45) To stimulation a contraction 
of the upper lip occurred, including a corrugation of the vibrissae 
pad. (D55, No, 46) After stimulation a local contraction of lip 
took place, which was followed by a slight flexion of neck, leading 
to head movement. This last response was accompanied by the 
raising of, first, the homolatcrnl and, then, of the hctoroliitcral fore 
limb, Eye wink also occurred. (D56, No. 47, FI) No response 
to stimulation in this area, no matter how repeated; fetus was fully 
active in other respects. (D56, No. 47, F2) Contraction of pinna 
on the same side followed stimulation. The hctcrolatcral fore leg 
was also brought up slightly and the heterolateral hind leg brought 
up and fluttered rhythmically as in a "scratch response," (D57, 
No. 48) Quick precise opening of the mouth occurred as a result 
of stimulation, This was synchronized with n toss back of the 
head in such n manner that the movement became exactly that of a 
dog catching a thrown ball in its mouth. (058, No. 49) At first 
no response followed stimulation. Continued stimulation, however, 
led to lip movements and a quick bite, followed by continued lip 
movements, Then there was a general trunk extension, changing 
the orientation of the whole body in space. (1959, No, 50) No re- 



BEHAVIOR IN THE PRENATAL GUINEA-PIG 


363 


sponse even to continued stimulation. (D60, No. 51) A jerk back 
of the head was the first response to stimulation. This was followed 
by a rhythmic scratch reflex of the horr.olateral hind leg and then 
by a scratch response in the hcterolateral hind leg. Flutter of both 
fore limbs now began and continued duiing several rhythmic exten¬ 
sion-flexion responses. (D61, No. 52) The homolateral hind leg 
was extended and elevated to the shoulder in a series of rhythmic 
scratch movements. At the same time the head slightly rotated and 
extended in a manner to make the stimulus more intense. This was 
the opposite of a so-called “avoidance” action. After a few seconds' 
rest, this stimulus was given again with identical results. (D61, 
No, 53) N. R. (D62, No. 54) To light touch stimulation a sharp 
pulling away of the head occurred, followed by an extensor thrust 
of the fore paws from the body. (D63, No, 55) As a result of the 
application of the stimulus a slight localized movement of the up¬ 
per Up took place. No other response occurred. (D64-, No. 56) 
There was a slight movement of the head. This was followed by 
an extension and flexion of the heterolateral fore limb, and then by 
a similar movement in the heterolateral hind limb, and then by sim¬ 
ilar responses in the homolateral fore limb and homolateral hind 
limb. On stimulating again, this series of leg movements was re¬ 
peated ns a trot response, AH of these movements were of very 
slight magnitude. (D64, No. 57) N. R. (D65, No. 58) As a 
result of a touch stimulation a twitch of the trunk muscles took 
place which also seemed to involve the fore and hind limbs. (D67, 
No. 60) To stimulation a slight twitch of the head took place. The 
homolateral fore leg was then thrust up to the snout, The homo- 
lateral hind leg was extended and adducted to side just below the 
shoulder and, while in this maintained posture, executed several 
rhythmic scratches. 

2, Vibrissae Pad "A". (D32, No. 13) A slight extension of 

the neck occurred, thus tossing the head back. At the same time 
a twitch of slight amplitude occurred in both fore legs. This ex¬ 
act sequence of response was given again to a second stimulus. (D32, 
No, 12) Stimulation led to a raising and adduction of the fore leg 
so that the paw swept over the point stimulated with perfect pre¬ 
cision, as if to brush away the stimulus. (D32, No. 14) A double 
lateral flexion of the spine followed stimulation. It began at the 
cervical region and proceeded caudad to form the typical "sigmoid 
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movement" of Cogliill, (D33, No, 16) Definite homolatcral fore¬ 
limb raising and adduction to the face resulted from the stimulus. 
Tin's movement brought the paw toward but not touching the point 
of stimulation. At the same time the neck was slightly extended, 
thus lifting the head. (D3+, No. 17) The head was sharply ro¬ 
tated, thereby removing the point of stimulation from the posture 
which it had held when the stimulus occurred. The homolatcral 
kg was first raised and then flexed and adducted ta the belly. (D35, 
No. 20) To a single touch, a slight twitch of the head and of the 
homolnternl leg took place, To n slight stroking stimulus, the 
head was flexed toward the side of stimulation. At the same time 
the fore leg was extended and adducted to the side, (D35, No. 19, 
F3) Stimulating the point indicated led to violent movements of 
the head such tlmt the crown of the head, as a result of lateral flex¬ 
ion of the neck, came toward the stimulus, while the snout moved 
so ns to avoid the stimulus. Repeated stimuli gave this same se¬ 
quence of behavior several times. On one occasion the pattern of 
response was complicated by the fact that the homolatcral fore paw 
was brought up strongly to the snout. Stimulation led to violent 
head extension and flexion on the part of the animal. These move¬ 
ments were accompanied by rhythmic paw flexions and by move¬ 
ments of the lower jaw so as to open and close the mouth. Only 
after five or six such movements did the animal bring its paw up 
ns If to brush away the stimulus. The movements antecedent to 
the brushing movement involved reactions in many other directions, 
Following this one stimulation for a period of half a minute after 
the first brushing movement the fetus continued to "scrub" with 
its paw nt the point of stimulation. (D36, No. 22, F2) In re¬ 
sponse to stimulation a slight jerk of the head took place followed 
by a twitch of the fore limbs. (D37, No. 23) No response to a 
single touch, but continued stimulation led to responses involving 
trunk and limb muscles. On stimulating by a single touch again, 
after an interval of a few seconds, the homolatcral fore limb was 
slightly extended and moved toward point of stimulation, but not 
so that the paw touched the spot. (D38, No. 24) As a result of a 
single touch the neck was sharply flexed, thus leading tu a bowing 
of the head. The homolatcral fore limb was raised sharply with 
an accompanying twitch of the trunk. After a delay of a second, 
but with no further external stimulation, both fore legs were ex- 
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tended and adducted so that the vibrissae pads on both sides of the 
face were brushed, a definite contact being established between each 
paw and the face. (D39, No, 27) Corrugation of the skin of the 
vibrissae pad as a result of local contraction of the muscles just be¬ 
low it resulted from stimulation. This was followed by a slight 
extension of the homolateial fore leg. (D39, No, 26) Lightly 
touching the spot indicated elicited a sharply localized contraction 
of the musculature under the pad. Both fore legs were then sim¬ 
ultaneously flexed and pulled back toward the hind legs. The hind 
legs were brought up and at the same time extended with articula¬ 
tion at the hip joint. (D40, No. 28) Stimulation elicited a twitch 
of the muscles below the vibrissae pad. (D41, No. 29) Corruga¬ 
tion of the pad as a result of contraction of the muscles under the 
pad occurred as a result of stimulation. At the same time a slight 
toss of the head resulted and the fore limbs Were both slightly ex¬ 
tended, (D42, No. 30) Stimulating the point noted led to a jerk 
of the head up toward the stimulus which had been applied. No 
contraction could be elicited when, instead of touching the skin, the 
short vibrissae themselves were bent by the aesthesiometer, (D43, 
No. 31) Twitching of the musculature of the pad occurred to stim¬ 
ulation. The homolateral leg was brought up and brushed past 
the spot. (D44, No. 32) To a light touch there occurred a slight 
contraction, that is, corrugation, of the vibrissae pad. To a stronger 
stimulus, an extension of the trunk and an extension and elevation 
ef both fore legs occurred. (D45, No. 33) Stimulation was fol¬ 
lowed by a slow twitch of the muscles under the vibrissae pad and 
by a very slight twitch of the fore legs. (D45, No. 33, F2) A 
twitch of the vibrissae pad, opening and closing of the mouth, and 
short convulsive flexion, synchronous with a lateral twisting flexion 
of the trunk, took place as a result of stimulation. (D46, No. 34) 
Stimulation led to a twitch of the vibrissae pad and to a slight 
flexion of the neck muscles so as to move the head away from the 
stimulus. The homolateral fore paw was brought up to the side 
of the face, but did not touch the exact spot stimulated. Following 
this, the trunk executed a series of writhing movements, (D47, 
No. 35) Stimulation of the pad was followed by movement of the 
lower jaw. A second stimulation, however, led to no movement. 
A third stimulus was followed by a slight movement of both fore 
paws. After this the stimulus hair was used to touch the vibrissae 
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without coming near the skin at their base. This stimulation led 
to si rapid extension of the homolntcral paw. On repetition of this 
stimulation, both fore limbs were rapidly extended and by a quick 
movement brought up to the nose. A third stimulation of the same 
sort led to very similar results, although there was a greater latency 
of response time. Following this stimulation the pad was ngnin 
touched and the hire limbs were moved up. Thirty seconds after 
this stimulation of the pad of the viluissac the fore paw was brought 
up to the side of the face. The carpus was then flexed, and this 
movement, together with the limb flexion, led to a brushing of the 
check about 5 mm. from the point of stimulation. (D47, No. 36) 
Stimulation led to local movement of the muscles at the bnsc of the 
vibrissae and then to extensor thrusts of both fore limbs. (D49, 
No. 37) Contraction of the muscles below the vibrissae pad with 
very precise localization followed stimulation. (1)49, No. 3d) Stim 
ulntion led to extreme flexion of the neck, thus bowing the head al 
most to the chest. This was followed by an extension and circum¬ 
duction of the hctcrulatcrnl fore limb with marked flexion at the 
carpus so that the back of the paw brushed the exact point stimulated 
(that is, the vibrissae pad on the side opposite to the active paw was 
scratched by that paw). After this the homolatcral limb was raised 
and the paw brought into contact with the point stimulated. Dur¬ 
ing tin's activity the hind limbs carried out rhythmic "scratch reflex” 
movements. (D30, No. 40) Local contraction of lip and vibrissae 
pad followed stimulation. Slight fore-paw flexion and mouth move¬ 
ment were also elicited. (D5I, No. 41) To a light touch stimulus 
the mouth opened and closed and the tongue protruded. The neck 
wns extended so ns to toss the head back and away from the stim¬ 
ulus, Both fore legs were brought up and the paw so flexed that 
the exact point stimulated was brushed. Tile muscles underlying 
the pad twitched locally as a result of the stimulus. (D52, No, 42) 
Sharply localized contraction of the muscles under the pad took 
place, The tip of the nose was pulled away from the stimulus by 
the contraction of some of the facial muscles, On repeated stimu¬ 
lation a quick flexion of the fore paw took place. When great care 
was exercised so that one or two of the vibrissae alone were touched, 
that is, slightly bent, a response of greater amplitude occurred than 
to actual stimulation of the pad. This response included local mus- 
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cle reactions and fore-limb extension. (D53, No. 43) N. R. (D54, 
No. 44) Stimulation led to contraction, that is, corrugation, of the 
musculature below the pad. (D54, No. 45) Stimulation led to 
corrugation of the musculature below the pad. (D55, No. 46) 
Local contraction of muscles underneath vibrissae pad occurred to 
stimulation. Then followed wrinkling of the snout, a shake of the 
head, and a quick extension and elevation of the paw so that it 
brushed the nose. (D56, No. 47) N. R. (D56, No. 47, F2) Stim¬ 
ulation led to sharp contraction of the eyelids, vibrissae pad, and of 
the snout, and a pulling away of the head as a result of dorsiflexion 
of the neck. Fore-leg paddling movements with the legs gradually 
more and more elevated until they came nearer the nose were then 
executed. (D57, No. 49) Just perceptible corrugation of skin at 
base of the vibrissae took place to stimulation. (D58, No. 49) 
Muscles of the pad twitched to continued stimulation, although at 
first there had been no response. (D59, No. 50) N. R. (D60, No. 
51) No response occurred to repeated touch stimulus. A slight touch 
of the needle, however, led to a quick flexion and extension of both 
fore and hind homolateral limbs. Then, as a result of a virtual 
contortion , } the knee of the homolateral fore leg was brought up 
to actual contact with the point stimulated. (D61, No, 52) No re¬ 
sponse to light or heavy pressure stimulus. Slightest needle touch, 
however, led to a head shake, fore-leg extension, hind-leg flexion, and 
eventually adduction and elevation of the homolateral hind leg to 
the side. Mere touch of the vibrissae, however, after this response 
did lead to slight extension of the neck and extension and elevation 
of both fore legs, (D61, No. 53) N. R. (D62, No, 54) A slight 

lateral shake of the head took place, followed by a raising of both 
fore legs and a marked and maintained extensor thrust of the hind 
legs. (D63, No. 55) N, R. (D64, No. 56) No response to light 
pressure, but deep pressure led to flexion of the heterolateral fore 
limb, followed by a flexion of the homolateral hind limb, Tile same 
response was elicited by bending one or two vibrissae hairs. (D64, 
No. 57) N. R. (D65, No, 58) N. R. (D67, No. 60) To a 
single stimulus there occurred the sharp closing of the previously 
open eye. The mouth also closed, A localized pinna twitch then 
occurred, followed by a jerk of the head resulting from a quick ex¬ 
tension of the neck muscles. Both fore legs were extended, ele- 
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vntcd, and adducted, so that they each brushed the homolateral side 
of the nose. The hind legs were adducted to the belly. At the 
same time the whole cervical part of the trunk \v»b circumducted 
without moving the caudal trunk. A local corrugation of the skin 
below the vibrissac pad was also noted. 

3. Vibrissac Pad "fl' J (Summary only). The responses elicited 
by stimulating this area were remarkably like those secured in the 
protocol just given. Corrugation of the pad appeared one day ear¬ 
lier (D38, No, 24), The protocols do nut give any strong reason 
to suppose that the whole vibrissac pad may not be considered ns a 
unified reflexogennus zone. Eye wink was, however, more frequently 
elicited and tongue movements somewhat less frequently elicited by 
stimulating area 3 than area 2, 

4. Nostril. (D32, No. 13) Stimulation led to extension of the neck 

museJes and consequent upward toss of the head. The head was then 
brought down and the Immolatenil fore leg raised so that the palmar 
surface of the paw brushed the side of the face. A second touch led to 
a slight upward movement of the fore limb toward the spot but this 
time it did not touch it. To a more vigorous touch at the same spot a 
response occurred which included a sharp sudden lateral twitch of the 
fore leg, a lateral flexion of the trunk toward the stimulated side, and 
a flexion and adduction of the liomolntcral hind leg, A third stim¬ 
ulus led to a sharp Inter.?! fltfxlort al the neck, thus jerking the head 
away, while both fore legs were raised and adducted exactly to the 
place of stimulation. (D34, No. 17) To a light touch stimulus 
the neck muscles were extended, thus pulling the head upwnfd. At 

the same time a slight backward kick of both hind legs took place, 

Doth fore legs were extended, but the homolaternl leg was not only 
extended but also elevated and adducted to the face, so that the 
point of stimulation was brushed by the fore paw. Repeating this 
stimulus led to a repetition of these responses, but the movements 
were less in amplitude. (D35, No. 20) The hcterolnteral fore 
limb was extended and elevated, blit did not touch the point stim¬ 
ulated. A unilateral flexion of the trunk moved the head away 

from the posture in which it had been when stimulated. Doth hind 
legs were flexed. (D35, No. 19) Doth fore legs were raised so that 
both paws came in contact with the snout. (D36, No, 21) Stim¬ 
ulation was followed by neck extension and extension and elevation 
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cf both fore paws. Brushing movements over the snout were then 
carried on by both fore limbs, Flexion of both hind limbs and body 
writhing also took place. After a period of quiescence without fur¬ 
ther stimulation both fore limbs were brought up in such a way that 
the tips of the digits were brought in contact with the inner surface 
of the lips. (D36, No. 22) Extension of the neck followed stim¬ 
ulation, thus jerking the head upward and away from the stimulus. 
(D37, No. 23) No response to slight stimulus, hut continued stim¬ 
ulation led to a slight flexion of the neck and head, This was fol¬ 
lowed by continuous "scrubbing" movements with both paws par¬ 
tially flexed. This continued for some time and was in duration 
and thoroughness of "brushing’’ a novelty to the observers. (D38, 
No, 24) The homolateral limb was extended and adducted to the 
head slowly after stimulation. The limb was flexed at the wrist, 
and the digits were extended so that they came in direct precise con¬ 
tact with the exact spot that had been stimulated, (D40, No. 28) 
Stimulation led to the sharp lateral flexion of the neck, thus jerking 
the head away sharply in such a manner that the neck and body 
were almost at right angles. Extensor tonus in the fore limbs was 
maintained as they were brought up to the snout by a series of 
pushes, (D41, No. 29) The homolateral paw was brought up 
toward the nose after stimulation. The mouth then opened, the 
tongue was protruded and retracted rhythmically, and the head ex¬ 
tended. At the same time the homolateral hind leg was flexed and 
adducted to the belly. (D42, No. 30, F2) Stimulation led to an 
extension and elevation of both paws toward but not touching the 
nostril region, When the limb was thus extended, the posture 
was maintained and nose touched by flexure at carpus. If right 
nostril was touched, flexure was of right wrist; if left was touched, 
flexure was of left wrist. (D42, No 30, F3) On stimulation both 
legs were extended and sharply adducted so that the paws almost met 
behind the head, The digits were then slightly flexed and the paws 
scraped down touching both sides of the face all the way to the snout. 
(D43, No. 31) Circumduction of the head occurred while both fore 
legs were extended and elevated and then flexed so that the snout 
was brushed. (D44, No. 32) No response followed light touch. 
Strong touch, however, led to an extension of the neck muscles and 
consequent backward toss of head which was followed by a twitch 
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of the fare legs- (D45, Na. 33, FI) No response even to repeated 
stimulation. (D45, No, 33, F2) Neither response to touch nor at 
first to light touch of sharp needle was secured. A second touch of 
the needle, however, led to an extension uf the fore limb slightly 
Hexed at tile elbow and at the carpus and with pronounced flexure 
at the digits. The limb in this posture was raised almost to the 
tip of the nose but not touching it. (D46, No. 34) Stimulation 

led to a witch ttf the vituwsftc pod, ft wrinkling the snout, an 

eye wink, violent flexure anil rotation of the head so that the point 
stimulated was quickly removed from the locus in which it had been 
stimulated, Violent alternating paddling thrusts of both (ore legs also 
took place, and after some seconds the trunk executed several elab¬ 
orate writhing movements which seemed to involve both lateral and 
dorsal flexion and extension. During the course of this activity the 
hind legs were brought up to the neck. (048, No. 37) Twitching 
of the nasalis muscles followed stimulation. The homulateral fore 
leg was then extended, elevated and adducted so that ns it was grad¬ 
ually flexed tlic paw rubbed against the whole side of the face. (D49, 
No. 38) Local movement of the nasalis muscles which then seemed 
to spread so as to include tile lip and tongue muscles followed stim¬ 
ulation. The tongue also executed local movements. The hetero- 
intern! limb was then brought up so as to brush approximately the 
exact point stimulated. The hoiuolatcral limb was then raised and 
then rubbed down the whole side of the face. During these re¬ 
sponses the caudal region of the trunk was very active, and the 
trunk Was so completely flexed that the hind limb virtually came in 
contact with the point stimulated. Following and during these re¬ 
sponses there was marked activity of the general somatic muscles, 
(D50, No. 40) Stimulation led to mouth opening; then the homo- 
lateral paw was brought up toward the head and then the neck 
muscles were extended so as to pull the head backward. This ex¬ 
treme body tonus was maintained for some time. (051, No. 41) 
The head turned sharply away after stimulation and both fore legs 
were brought up so that both paws brushed by the nostril. The 
trunk executed an “8" flexure, thus removing head from the locus 
of the stimulus. This response initiated violent rhythmic trot move¬ 
ments of both fore and hind legs which actually propelled the ani¬ 
mal through the water as Car as the umbilical cord would allow. 
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Mouth movements, tongue movement, and an eye wink also took 
place, On a second stimulation there was also much activity of 
trunk and limb muscles and this time both fore paws were brought 
up and held over the nostrils with flexed digits. (D52, No. 42) 
To a slight touch there occurred a toss of the head with accompany¬ 
ing trunk extension. On continued holding of hair in the nostril, 
the neck was flexed so that the head bent forward and all four limbs 
extended. The homolatcral fore limb was partly flexed at the 
shoulder, elbow, wrist, and at the digits joints. Thus, the tip of one 
digit was brought directly to the point stimulated, (D53, No, 43) 
Digits of both fore paws flexed after stimulation. After second 
stimulation the muscles under the vibrissae pad and the nasalis mus¬ 
cle contracted. (D54, No. 44) A light touch led to a slight shud¬ 
der of the head with accompanying twitch of both fore legs and a 
dilation of the nostrils. To somewhat stronger pressure the head 
was flexed and turned toward the stimulus, the mouth opened and 
closed, and the homolateral fore leg brought up so that it brushed 
the side of the face. (D54, No, 45) Stimulation led to a slight 
flutter of the fore legs and, when tried again, to a dorsiflexion of 
the head. (D55, No. 46) Stimulation led to a dorsiflexion of the 
neck muscles, thus quickly raising the head and pulling the nostril 
away from the stimulus. This was followed by a strong extension 
of the trunk and by quick "paddling movements" of the fore limbs, 
During this action there was a slight Rutter of the hind limbs. (D56, 
No. 47, FI) Eye wink and a small, weak upward extension of homo- 
lateral leg followed stimulation. This same sequence was repeated 
on a second application of the stimulus. (D56, No. 47, F2) Stim¬ 
ulation led to a rotation of the head away from the stimulus. At 
the same time the heterolateral fore leg was brought up to and 
touched the side of the neck. (D57, No. 48) To the very lightest 
touch the eye closed and maintained the closed posture for several 
seconds. At the same time the pinna quickly twitched and there 
was a slight extension of both fore legs. (D5B, No. 49) Stimula¬ 
tion followed by closing of the eye on the same side, flexion of neck 
muscles, and consequent head bowing, while the paw was brought 
up near the head. In this animal, when the eye was open, any slight 
touch stimulus on any part of the head seemed to lead to closing of 
the eye. (D59, No, 50) Corrugation of the vibrissae pad and nostril 
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and a twitch of all four legs followed stimulation. When the stimu¬ 
lus was given ngain, the heteroiatcral fore leg was raised toward the 
place stimulated. (D60, No. 51) Alter stimulation the muscles 
of the side of the face contracted and paddling movements of both 
fore legs were initiated. The homolatcral fore leg was not only 
extended hut elevated, so that the fore paw scratched the place that 
hnd been stimulated. (D61, No. 52) Head jerked away sharply 
to stimulation. Ilotli fore legs were then thrust out and extended 
away from the chest. At the same time the hind legs were flexed, 
and the homolntcral hind leg executed rhythmic scratching move¬ 
ments. (D61, No. 53) To stimulation the head was turned away, 
The homolateral fore leg was brought up to the side of the face 
and the homolatcral hind leg was adducted so that with a twist of 
the trunk the whole fetus once pulled itself off the observing stand. 
(D62, No, 54) Rabbit-like movement of the nasalis muscles fol¬ 
lowed stimulation, as did a shake of the head and a slight abduction 
of fore paws. Eye-movements, pinna twitch, and lower-jaw move¬ 
ments also were recorded. (063, No, 55) There was a localized 
contraction oi the muscles lying beneath the nose, Both fore paws 
were then brought up toward the nostril, This took place again and 
included a closing of the previously partly open eye and a movement 
of the limb with paw and digits cupped. This response led to touch¬ 
ing the spot that had been stimulated. (DG+, No, 56) A twitch ol 
the nose muscle followed by an extenson of the homolatcral fore paw 
with flexed digits and a flexed wrist. The limb was brought up 
definitely so that scraping past the point just stimulated was accom¬ 
plished, (DC4, No. 57) There was a localized twitch of the nasalis 
muscles and a slight corrugation of the vibrissac pad following 
stimulation. (D65, No. 58) Light touch led to n pronounced flexion 
of the neck and consequently a pronounced dip of the head. This 
was followed by the extension of the homolatcral fore limb which 
was brought up to the snout with the wrists arid digits both flexed, 
The hind legs were flexed and adducted to the belly, (D67, No. 
60) The head turned away from the stimulus after a touch, and a 
pinna twitch, eye wink, and n rapid thrust of both fore legs up 
against the snout also followed. 

5. Front Nose (Summary only). Although the fore paw was 
raised in the 32-dny fetus (D32, No. 13, F2) no further response to 
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stimulation ol this area took plac'e till the 39th day, when a 
slight fore-limb flexion was observed. At this same age (D39, No, 
25, FI) stimulation led to a wink of the lids of the still closed eyes. 
The eyes open typically on the 56th day, Corrugation of the yibris- 
sac pad, eye wink, pinna reflexes, mouth, tongue, lip, jaw movements, 
all occurred at approximately typical times. In comparison with the 
nostril the responses released were weak and of small amplitude. 
Local response, save for the localizing movements of the fore paws, 
was absent. In the later fetal ages this area became less, rather than 
more, sensitive. In late stages even a needle stimulus sometimes 
failed to elicit response when applied here in an otherwise active 
animal. 

6,7,8, 9, Side Face "A/"Br "Cr "D ,J (Summary only). In 
general, these areas remained insensitive longer than the ones con¬ 
sidered above. In the case of the typical side face "B," save for a 
possible leg twitch at 37 days, the first real response occurred at 39 
days (No. 27, FI). In the same way, for about a week before nor¬ 
mal birth these areas again became relatively insensitive, In general, 
stimulation of these regions led to head and trunk movement, but not 
always so as to remove the head from the posture in which it was 
when stimulated. Limb movement was also released, but not nearly 
so frequently as in the case of areas 1, 2, 3, or 4. Corrugation of the 
vibrissae pad, eye wink, mouth movements, and pinna responses 
were also released. In general, the tendency to have any one of these 
responses released was greater if the spot stimulated happened to be 
near the areas of the response. 

10. Direct Touch Stimulation of the Conjunctiva af the Eye 
(Summary only). In the observations recorded, the stimulus was 
applied directly to the naturally opened eye, and so not till the 56- 
day fetus (No. 47, FI) could the study be undertaken. Below, un¬ 
der number 73, the results of the photic stimulation of the eye are 
given. From the first fetus studied to the animal of approximately 
the age to be born two dominant responses were made. First, the 
eyeball moved in its orbit, and, second, the lids winked. As de¬ 
velopmental age became greater, the variability in the wink became 
more marked. Thus, at 62 daj r s a series of rapid winks are recorded 
(D62, No. 54) and a maintained "posture" of closure is recorded at 
65 days (No. 58). The wink of the open eye should be interpreted 
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in view of tlic wink of the closed eye treated next below. Beside 
these responses there were some incidental trunk and limb move¬ 
ments, but on the whole this area seems set apart from the sur¬ 
rounding reflcxogcnmis zones. Only one pinna reflex, for example, 
is recorded. The special nature of the nerve supply to this area must 
be considered in interpreting these results. 

11. Lower Eye Lid. (1)12, No. 13) Stimulation led to a 
twitch of the homnlnternl fore leg. With continued stimulation the 
•mine leg was hmill'llt up so that tlic paw touched with a brushing 
movement the side of the face. (1)32, No. 12) The Itoinolntcrnl fore 
leg was extended after stimulation began and held in a posture with 
the limb up near tlic face as long as successive stimuli at the rate of 
about one a second were applied. (1)32, No. 14, 1*2) Stimulation 
was followed by raising and adduction of the fore limb so that it 
seemed to come toward tlic point stimulated. (D32, No. 14, F3) 
N, R. (D34, No. 17) Stimulation was followed by a slight twitch 
of the head. The homnlatcrul fore limb was also brought up toward 
the spot stimulated. A flexion at the carpus occurred after the limb 
was fully raised. (1)35, No. 20, F2) The hmnolatcral fore leg 
was brought up to the side of the face after stimulation. (D35, 
No. J 9, F2) Stimulation led It) n quick lateral flexion of the head, 
removing point stimulated from its previous locus. (1)35, No. 19, 
F2) The homolateral fore paw came up and touched the eye as if 
to brush the stimulus away. (035, No. (9, I'M) Stimulation led to 
a quick lateral flexion of the head, accompanied also by a flexion of 
the rump. This movement was such as to bring the stimulus nearer 
the eyes rather than farther from it (D35, No. 19, F3) Stimulation 
led to a contraction of the musculature of the closed lids and possibly 
of the eyeball itself. It seems as though the observed movement 
might possibly be not so much a winking movement as a movement 
of the muscles attached to the eyeball. (D3G, No, 21) Stimulation 
led to a slight contraction of the closed lids with slight twitch of the 
liomolatcral fore limb. (D3G, No. 22) N. R. (D37, No. 23, FI) 
The animal was "spontaneously active," but stimulation of the eye 
did not change this activity. 0)37, No. 23, F2) A contraction of 
the dosed lids followed stimulation. (I)38, No. 24) "Winking” 
of tlic still unopened eye and apparent retraction of eyeball followed 
stimulation. There was also a twitch of the liomolatcral fore paw. 
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(D39, No. 27) Stimulation led to a sharp, quick wink of the closed 
lid with maintained contraction. General bodily activity accom¬ 
panied this response. (D39, No. 26) Touching the closed eyelid 
elicited a movement which seemed to involve the ej'eball inside as 
well as a sure contraction of the still unopened lids themselves. After 
stimulation the contraction of the orbicularis muscle was maintained 
for some seconds. (D39, No. 26, F3) Stimulation led to a wink of 
the lids of the as yet unopened eye. (D40, No. 23) A wink of the 
closed lids and a sharp lateral flexion of the head away from the 
stimulus followed stimulation. Both fore paws were then extended 
and abducted from the chest. (D41, No. 29) Stimulation led to a 
marked wink of the still closed lids and a twitch of the head. (D42, 
No. 30) Stimulation led to a wink, that is, a contraction, of the 
orbicularis muscle, together with a twitch of the pinna on the same 
side. After several seconds this was followed by an extensor thrust 
of all four paws and an extension of the neck, thus snapping the head 
up dorsally. (D43, No. 31) Repeated winking of the still closed 
eye followed stimulation. A slight extension of the fore legs was 
also noted. (D44, No. 32) To light touch there was no response, 
but to continued strong pressure a wink of the closed eye occurred. 
(D45, No. 33, FI) To a light touch no response was observed, but 
to heavier pressure a slow wink with somewhat maintained closure 
took place. (D45, No. 33, F2) A wink of the still closed eye fol¬ 
lowed stimulation. (D46, No, 34) An eye wink with somewhat 
maintained "posture" followed by several rapid winks followed 
stimulation. When the stimulation was repeated somewhat more 
strongly, the head was turned away and the homolateral fore leg 
brought up to the side of the face with digits of the paw flexed. The 
homolateral hind leg was also flexed and adducted to the side. In 
both of these cases a slight pinna reflex was noted. (D47, No. 35) 
Stimulation led to slight wink of the still unopened eye. (D47, 
No. 36) Stimulation was followed by a rapid flexion of the homo- 
lateral hind leg. The fore leg also moved toward the region of the 
stimulus. A repetition of the stimulus led to violent flexion of the 
neck and trunk and extension and adduction of the fore limbs so 
that the homolateral paw touched the point stimulated. (D40, No. 
37) There was an immediate contraction of the musculature of the 
closed eyelids and possibly a movement of the pinna following con- 
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traction, (D49, No. 38) Contraction of the muscle of both the 
upper and lower lids and a slight extension ol the head and head 
shake followed stimulation. (D49, No, 39, F4) Stimulation led to a 
contraction of the eyelids ami rotation of the head away from the 
stimulus. (1)50, No. 40) Kyc wink of the closed eye, pinna reflex, 
find quick thrums of both fore paws followed stimulation. (D51, 
No. 41) Eye wink of the closed eye followed stimulation, (D52, 
No. 42) Cantracthm n( the sLi.ll mwjmvxl U<k, tallowed by an 
extension of the hetcmlnicral and hnmuhiteral fore limbs, took place 
after stimulation. The liumolatcral limb was brought up almost to 
point stimulated, After this action the animal executed a series of 
complex movements apparently involving almost every muscle and 
joint of its body, (1)53, No. 43) A wink of tile still closed eye 
followed stimulation. (1)54, No. 44) Stimulation led to several 
rhythmically repented winks of the still closed lids, (D54, No. 45) 
Winking of the closed eye repented several times after a single stimu¬ 
lus. (D55i No, 46) Stimulation led to a wink of the still unopened 
eye nnd a diffuse contraction of all facial muscles, The homo- 
lateral hind leg was also flexed and adducted so that the paw touched 
the shoulder, While in this posture it executed a series of rhythmic 
scratches, (1)56, No. 47, FI) The eye is now open, Stimulation of 
the lower lid led to n closure of both lids with the closed posture 
maintained for a few seconds nnd then gradually opened. (D56, 
No. 47, F2) Stimulation led to an eye wink involving both lids. 
(1)57, No. 48) Closing of eye, with greatest activity in lower lid, 
followed stimulation. (D5H, No. 49) On stimulation both lids 
closed, the pinna responded, and a slight trembling oi nil four limbs 
was noticed. (D59, No, 50) To the lightest toucli a series of wink¬ 
ings of the now open eye took place. The eye was maintained 
closed for a few seconds, then gradually opened. (1)60, No, 51) 
Stimulation led to eye wink and maintained closure of the eye for 
several seconds, The stimulus was repeated with the same result, 
only this time the hoinolateral fore limb was brought up toward the 
face with flexion nt elbow so as to execute a brushing movement on 
the face. (D61, No, 52) Eye wink to lightest touch took place, 
To n stronger stimulus, both fore legs were brought up to the side 
of the face and then flexed so as to brush it, 'l'lie hind legs also 
twitched. (1361, No. 53) To the lightest touch a wink of slight 



BEHAVIOR IN THE PRENATAL GUINEA-PIG 


377 


magnitude not quite closing the eye occurred. To a stronger stimulus 
there was a repeated "flutter" wink. (D62, No. 54) Stimulation 
led to eye wink. The fore and hind limbs then executed a series 
of coordinated swimming movements which were sc effective that 
they removed the animal from the support on which it was resting 
under the surface of the bath, It was restrained only by the cord 
from swimming away, (D63, No. 55) Stimulation led to a tight 
closing cf the eye, which was maintained for over a minute, (D64, 
No. 56) Sharp closure followed a single stimulus. Two winks, 
typical “palpebral reflexes," resulting from a single stimulus tack 
place next. (D64, No. 57) Stimulation led to closing of the eye. 
(D65, No. 58) The stimulation led to an eye wink and then after 
about a second a vigorous shake of the head. This was followed by a 
violent response involving homokteral and hetcrolateral fore- and 
hind-limb trot movements. (D67, No. 60) Stimulation led to a 
rhythmic eye winking. A slight turning away of the head was also 
noted. The homolateral hind leg was flexed and adducted to the side 
and then executed a scries of scratch responses. The homolateral 
fore leg was brought up to the neck. 

12. The Upper Eyelid (Summary only). In general, the protocol 
given above under 11 also applies here. More pinna responses, how¬ 
ever, were released. 

13. Brow (Summary only). No response to stimulation resulted 
until the 40th day, when in a fetus (No. 28, FI) a wink of the still 
unopened eye and a pinna response occurred. These two responses 
were typical of all the responses elicited in this area. Some limb 
and trunk movement occurred, but taken as a whole this seemed to 
be incidental. One litter at 63 and two at 64 days gave no response 
at all to this form of stimulation. Although on the head and in a 
region that because of morphological prominence receives much ran¬ 
dom stimulation, this area seems relatively insensitive. 

14. Croivu (Summary only). This area is possibly about the 
least sensitive cutaneous zone of the organism. More than half of 
the forty fetuses which were stimulated in this region gave no 
response to the touch stimulus and some active fetuses did not even 
respond to needle stimulation when it was applied here. The typi¬ 
cal response of those which were given was a quick twitch of the 
head. Palpebral and pinna reflexes were also elicited, as were, in 
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certain instances, limb end trunk movementi. The difference bc- 
hveen the poverty nf responsive behavior released by this area and 
the richness of behavior elicited by the stimulation o( the concha, 
next to be considered, is remarkable. 

15. Concha, (Fur earlier response see pace 357.) (D34, No, 

17) A lateral flexion of the head away from the point stimulated fol¬ 
lowed the first touch, The liimiiilaleral hind leg was flexed and both 
fore legs were slightly Lwitched, Later the humolatcral fore leg 
was brought up so that the paw oil that leg brushed the side of the 
face. (D35, Mo. 20) A flexion of the lumbar .segments of the back 
raised the rump toward the point stimulated. The head was ro¬ 
tated and the liomnlnutrol hind leg Hexed and adducted to the 
belly. The hoimilatcral fore leg was adducted to the neck. With 
repeated stimulation there was a repetition of the movements just 
noted. (036, No. 22) Stimulation led to a twitch of tile pinna 
and an extension of the neck, serving to produce an upward thrust 
of the head, (1)37, No. 23, I'l) A slight lateral flexion of the 
trunk correlated with a twitch of both fore paws followed stimula¬ 
tion. On a second stimulation there was n slight rotation of the head 
to one aide and a sharp jerk of both fore paws, 'Flic result of this 
response was a movement of the ear away from the posture it had 
been in when it was stimulated. (037, No, 23, F2) Lateral flexion 
of the neck and trunk, thus moving the ear away from the stimulus, 
occurred ns a result of a light touch. (1)38, No, 24) Stimulation 
led to ft slight lateral trunk fluxion which was accompanied by a 
raising of the rump on the honiolateral side, Doll) fore legs twitched 
and the honiolateral fore limb was carried across the chest to the 
hcterolatcral side. There was no indication of “localization" in these 
limb movements. When stimulated again in the same spot the 
only response was a lateral shake of the head. (1X19, No. 27) Defi¬ 
nite elevation am! depression of the jaw, lateral head shake, violent 
flexion and extension of all four legs followed stimulation, Lateral 
sigmoid flexure of the trunk also took place, after which the homo- 
Uteral hind leg was flexed and adducted to the side. When the hair 
stimulus was held persistently in the concha the animal squirmed 
and turned both body nml head, ns if to rid itself of the stimulus, 
(D39, No, 26) Stimulation led to a contraction of the pinna as a 
whole. At a later time this response was also observed to occur 
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“spontaneously." (D39, No. 25) After stimulation the left hind leg 
was flexed and adducted toward the side. The fore leg was also 
extended and raised part way, but not so as to touch the spot stimu¬ 
lated. (D40, No. 28) With very slight stimulation a pinna twitch 
was observed. With rather strong stimulation the head was rotated 
toward the stimulus and the homclaternl hind leg flexed and ad¬ 
ducted to the body. Both fore legs were extended, but the homo¬ 
lateral limb was also elevated and adducted so that its paw touched 
the face, A lateral flexion of the trunk and a movement of the 
mandible were also recorded. (D41, No. 29) Stimulation led to a 
slight lateral shake of the head. The neck was flexed and then the 
dorsal flexure passed down the whole back of the fetus. A sharp 
twitch of the homolateral hind leg also took place. (D43, No. 31) 
Stimulation led to a quick rotation of the head away from the stimu¬ 
lus, a contraction of the pinna, a wink of the eyelids of the still un¬ 
opened eye, and a scries of rapid paddling movements of both hind 
and fore legs. The trunk also was laterally flexed. (D44, No. 32) 
Light touch led to the contraction of pinna only. But continued 
strong stimulation elicited a slight writhing movement of the trunk 
with a bending of the rump in direction of stimulus. There was 
also a slight flexion of the homolateral hind leg, (D45, No. 33, 
Tl) N. R. (D45, No, 33, F2) A slight extension of the neck led 
to an upward toss of the head. At the same time the two hind legs 
were extended away from the body and the trunk flexed so as to 
remove the head from the position in which it had been when stimu¬ 
lated. (D46, No. 34) No response to a single touch, but when 
the stimulus was maintained inside the concha for some time a lateral 
flexion of the lumbar segments of the back raised the rump laterally. 
This flexure then became even more marked as the homolateral hind 
leg was flexed and adducted toward the car. The neck was also 
flexed so tlut head, trunk, and rump made a perfect "C." The fore 
legs were extended and adducted to the head, but did not touch the 
ear at first, but with continued stimulation the paw of the homolateral 
fore leg did brush the face. At this time the limb was flexed at the 
carpus and digits. At a later time to the same stimulus the homo- 
lateral hind leg was brought up sharply and executed a series of 
rhythmic scratch movements which did not, however, touch any part 
of the animal, (D47, No, 35) Stimulation led to a contraction 
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of the lids of the still unopened eye and a corrugation of the muscles 
under the pad of the vibrissae, {D47. No. 36) Stimulation led to a 
twitch of the hind leg anil also a contraction of the pinna, Lateral 
flexion of the trank and elaborate paddling movements of both fore 
and hind legs followed stimulation. (IMH, No. 37) A slight pinnci 
twitch followed first stimulation. Then a sudden unilateral bending 
of the rump took place which raised the rump and hind legs toward 
the surface of the water and away from the supporting stand. (D49, 
No. 38) No response to light touch, hut to continued stimulation 
first the muscles of the ear contracted and then the homolatcral 
fore limb was extended and adducted with the digits of the paw of 
the limb held in a maintained flexure. The paw was thus mechani¬ 
cally "hooked" behind the enr where it remained for several seconds. 
The paw then slipped down, actually forcing the stimulus hair away 
from the point which it was touching. During this procedure the 
homolatcral hind limb was adducted and extended toward the point 
stimulated, Save for the fact that it became mechanically caught in 
the cord, it would presumably also have been adducted bo as to touch 
the point stimulated, (D49, No. 39) Stimulation was followed by 
ail extension and adduction of the limmilntcrnl fore limb so that 
later the paw of this limb brushed past the point stimulated. There 
was also much general activity of the fetus during this response. 
(D5Q, No. 40) The head was rotated slightly after stimulation and 
then with a minimum of other body movements the homolatcral leg 
was brought up so that the digits of the paw cupped (i.c., flexed) 
over the stimulated concha. The paw then brushed on down the 
face and back to its resting place. After an interval of rest this 
stimulus was repeated, A shake of the head, a pinna reflex, and a 
flexion of both hind limbs took place, ,ln this flexion the homolatcral 
limb was more involved than the hctcrolatcrnl limb. An extensor 
thrust out into the bath nnd away from the body also took place in 
both forelegs. (D51, No, 41) Stimulation led to a pinna contrac¬ 
tion and to a shake of the head■ The stimulus was repeated and the 
liomolateral fore leg was brought up to the base of the car. Later 
the pinna contracted nnd the homolatcral hind leg was hexed and 
ndducted; it then executed n series of rhythmic scratches. The head 
was also given a quick lateral shake, (D52, No, 42) Lateral 
flexion of the neck and trunk took place after stimulation. The 
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homolateral hind limb was sharply flexed and the foot became caught 
in the umbilical cord, This limb, however, executed a series of 
rhythmic "scratch responses" when held in this posture. Soon the 
homolateral fore limb was adducted to the point stimulated and 
then the homolateral hind limb, now free, actually touched the 
point stimulated. When the hind limb was held by the experimenter 
so that it could not touch the point stimulated the homolateral fore 
limb was adducted so that its paw touched the stimulated region. 
(D53, No. 43) A combined lateral and dorsal flexion of the neck 
"twisted” the head away from the point stimulated, A strong exten¬ 
sion of the whole back then took place which was followed by alter¬ 
nate paddling of the fore legs and by a flexion and adduction of both 
hind legs to the belly. After this the whole trunk continued a 
series of writhing flexures. (D54, No. 44) Response of the muscles 
of the pinna followed stimulation. Upon more violent stimulation 
there was a slight adduction of the hcmolateral fore limb to the 
head. (D54, No, 45) Stimulation led to local contraction of the 
musculature of the side of the face. (D55, No. 46) Stimulation was 
followed by a lateral shake of the head and by a marked flexion of 
the whole back, The homolateral hind limb was now adducted and 
elevated so that the nails of the digits actually entered the concha, 
all the while executing scratch responses. After relaxation the 
homolatcral fore paw was raised to the same point and executed 
brushing movements. It must be obvious that in order to bring about 
the successful scratch of the ear by the hind leg the lateral flexure 
of the trunk into a "C" form had to be maintained, (D56, No. 47, 
FI) Stimulation led to closing the now open eye, lateral flexure of 
the head away from the stimulus, a pinna contraction, and an upward 
and outward thrust of the homolatcral fore leg. After an interval 
of rest the stimulus was again applied and similar responses re¬ 
corded. (056, No. 47, F2) A light touch led to a contraction of 
the lower part of the pinna. When the stimulus was given again 
the eye winked, When the pressure was made greater the head was 
rotated toward the stimulus and both fore legs were extended. The 
homolateral hind leg was flexed and adducted to the shoulder, where 
it executed a rhythmic scratch movement. This movement brought 
the digits of the paw almost but not quite to the point stimulated. 
(D57, No. 48) A slight touch led to a local contraction of the 
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muscles about the point stimulated. This response was followed 
by a tosa of the head backward, On continued stimulation the neck 
was extended and the head thrust hack. The car muscles sharply 
contracted nnd lateral nnd dorsal flexions of the trunk took plncc. 
The fore pnw was then lifted toward the point of stimulation and 
the hind limb flexed and nddticlcd so ns almost to touch the point 
stimulated. (D5fl, Ho. +9) Stimulation led to a pinna response 
and eyeball movements. (D59, No. 50) To a very light touch stimu¬ 
lation a contraction of the pinna nnd the musculature surrounding 
the concha look place. The eye also winked. A flapping of the 
opposite pinna was also observed to he of greater amplitude than the 
reaction of the one stimulated. On second stimulation the head was 
shaken laterally as if to toss oiT the stimulus, On stronger stimula¬ 
tion the head was again shaken and the hctcrolntcral hind leg was 
adducted to the side and the homolateral fore leg extended and 
adducted toward the ear, When the stimulus stopped the leg re¬ 
laxed, On continuing the stimulus the head twisted and bent down, 
and the liomolatcrnl fore Leg was raised so that it touched the car, 
At the same time the homulatcral hind leg was flexed mid adducted 
and brought up near to but not touching the car. Eye wink and 
pinna twitches occurred frequently and the limbs were flexed nt nil 
joints. (DGO, No. 51) Stimulation led to a flexion of the whole 
back and especially ol the neck, so that the head was thrust down, 
The rump was then pulled up laterally and the liomolatcrnl hind 
leg brought up so that the nails ol the digits rhythmically scratched 
the concha. (D61, No. 52) A lateral flexion of the lumbar seg¬ 
ments of the hack raised the rump and a similar flexure in the 
neck produced a true lateral "C" posture after stimulation. The 
liomolatcrnl hind leg was then adducted to the head and the digits 
so flexed that the inside of the car was thoroughly scratched. After 
this posture had relaxed, the liomolatcrnl fore leg was brought up 
and brushed by the ear. (061, No. 53) Stimulation led to several 
twitches of the pinna, a shake of the head, anil a forward jerk of 
the body, At the same time the humulntcnil hind paw was brought 
up toward the car and later the same movement was executed by the 
hamolatcral fore paw. (D62, No. 54) Vigorous, repeated, llvittcr- 
likc shake of head followed stimulation. Alter this response rhyth¬ 
mic "swimming" movements took place involving all four limbs. 
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It was impossible to tell whether or not all limbs were synchronized, 
and unfortunately it was not photographed. (D63, No, 55) A sharp 
shaking of the head followed stimulation. One of the eyes which 
had been closed was opened and the homolateral fore paw was raised 
to the face. The pinna twitched and then the fore limb was again 
brought up, but this time it accurately localized the place stimulated. 
The homolateral hind leg executed a continued “scratch response” 
during the last movement. (D64, No. 56, F2) Stimulation led to a 
slight twitch of the head. This was followed by a movement of the 
homolateral limb such that by means of articulation at shoulder, 
elbows, wrist, and digits the digit tips moved over the concha with a 
brushing movement and then back to the original posture. Tremor- 
like reflexes of pinna took place frequently. (D64, No. 57) Local 
responses of the car were observed to follow stimulation. Then both 
fore legs were sharply flexed and the abdominal wall retracted con¬ 
vulsively. (D65, No, 58) To a very light touch a localized pinna 
reflex took place, With a somewhat stronger and maintained pres¬ 
sure tile neck flexed, thus dipping the head toward the chest, and 
both fore legs were flexed to the belly at first, but then the homo- 
lateral hind leg was brought up to the head, where it scratched the 
ear, the head being flexed laterally, as it were, to meet it. With 
continued strong stimulation the homolateral fore limb was raised 
to the face, where it executed brushing movements, but did not touch 
the ear. (D67, No. 60) With a single touch, the head rotated 
away sharply, the eye winked, a pinna response took place, and the 
homolateral hind leg was brought up slightly. With continued 
stimulation, however, the homolateral hind leg was flexed, adducted, 
and finally elevated up over the shoulder, and the head so turned in 
the direction of the paw that a rhythmic scratch of the ear was 
executed. 

16, 17, Pinna "A” and Pinna “B” (Summary only). Stimu¬ 
lation of both these zones led to very similar results. The first 
response was in a 32-day fetus and involved a lateral flexion of the 
trunk. As fetal age increased, stimulation released limb and trunk 
movements, Some of the limb responses definitely touched the spot 
that had been stimulated. From the 35th day on to normal birth 
the characteristic response to stimuli applied in either of these areas 
was a contraction of the whole pinna or, in certain instances, of the 
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pinna for a few mm. around the locus of the point touched. Eye 
wink was also elicited by stimulation of these areas in a number of 
cases, These areas are interesting in that they demonstrate the 
presence of a definite reflex and also in the fact that, while the term 
"pinna reflex" or Preycr's reflex is used extensively in the literature, 
it is itself subject to variation. Careful analysis would probably show 
time in hardly nny two instances are the actual "responses" of this 
supposedly unitary reflex identical. The most delicate motor re¬ 
sponse that the present writer hns ever seen in u guinea-pig fetus 
was a response of Fetus I of Animal 4H at 57 days to stimulation at 
spot “If." Merc only the faintest flicker of a response occurred in 
the extreme outer tip of the pinna, but time relations indicated that 
this was undoubtedly n response involving the central nervous sys¬ 
tem and not a direct muscle response. 

IH. Neck VenIrul (Summary only). Stimulation of this zone 
led to diverse responses, of which the most typical seems to have 
been the flexion of the neck so that the head was bowed toward the 
chest and the lifting of the homolatcral fore leg, After the 43rd 
day local contraction of the musculature underlying the point stimu¬ 
lated occurred. This may be called a pnmiicuhis enrnosus reflex, 
In the last week before birth there were a number of fetuses in 
which neither pressure nor needle stimulation at this spot elicited 
response. 

19. Neck Dorsal. (Summary only), This nrca was relatively in¬ 
sensitive, ns judged by the vigor of the movements which it elicited. 
At first on stimulation this area released trunk and especially neck 
responses. The latter were probably dominantly extensions, Local 
skin contraction was also almost a constant element after the 39tli 
day. In a number of instances stimulation of this spot released 
pinnn reflexes and eye winks. In general, this area docs not seem to 
have the same "significance" for the behavior of the animal that is 
possessed by, for example, certain of the head zones. 

20. Side above Shoulder (Summary only). At 34 days the first 
response recorded for this area was an elaborate movement of the 
homolatcral fore limb which involved a movement of the shoulder 
girdle. At 39 days a local muscle response was noted as occurring 
just below the point stimulated. From this day on, this skin response 
became something of a constant. There can be nu doubt that this 
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point of stimulation led to more shoulder movement than had been 
seen before. Incidental head reflexes, hind-limb scratch reflexes, and 
general trunk responses were also elicited. 

21. Back above Shoulder (Summary only). The general pat¬ 
tern of response elicited from this zone was similar to that of number 
20 just considered. This region was less sensitive, however, as 
judged by behavior. In fetus after fetus the only response elicited 
by stimulation here was a local skin corrugation or a shudder and 
a twitch of the trunk. In certain instances, however, definite limb 
and head reflexes were released from this area, 

22, 23. Side Back "A" and ‘‘B‘’ (Summary only). These 
two areas, as well as number 24 which is considered below in full, 
seemed to release very similar responses, In both areas trunk move¬ 
ments as well as occasional limb flexions were elicited. The most 
characteristic responses of the area, however, were the local skin 
reflexes which were very regular and well localized. In general, these 
areas may be characterized as relatively insensitive. 

24. Side Back "C. J/ (D32, No. 13) N. R. (D34, No. 17) 
N. R. (D36, No. 22) N. R. (D30, No. 24) A quick lateral 
flexion of the rump, accompanied by a twitch of both hind and fore 
limbs followed stimulation. Later the fore limbs were extended 
and adducted so that they touched the face. (D39, No. 27) A 
skin twitch, which rippled caudally, followed stimulation. (D39, No. 
26, T4) Stimulation elicited a lateral flexure of the lumbar seg¬ 
ments of the spine away from the stand which supported the fetus. 
(D40, No. 28) Stimulation led to a skin twitch near the point of 
the touch. (D41, No, 29) Local skin contraction and raising of 
rump followed lateral flexure of the lumbar spine. (D42, No. 
30) Stimulation led to a local skin contraction which spread by 
ripples of corrugation almost to the head. A lateral bending of the 
lumbar segments of the spine also took place. (D43, No. 31) 
Stimulation was followed by a slight unilateral bending of the lum¬ 
bar spinal segments, thus lifting the rump away from the supporting 
stand. The skin was also corrugated at the point of stimulation. 
(D44, No. 32) There was a unilateral bending of the lumbar spine 
and wrinkling of the skin following stimulation. The heterolateral 
leg was extended and there was a slight flexion in the homolateral 
hind leg. The same response was given to a more intense stimulus, 
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(D45, No, 33, F2) A light touch led to a slight flexion of the rump 
so ns to lift the fetus up from the supporting stfind. The skin was 
also corrugated near the point of stimulation. (D46, No. 34) A 
local coriuRation followed by rippling of the skin in a cephalic 
direction occurred. (1)48, No. 37) A nkiti response took place at 
the point stimulated. (D49, No, 38) The thigh was so Hexed alter 
stimulation ns tn change the shape of the musculature immediately 
beneath the point stimulated. A toss of the head ami a jerk of the 
lioinoUtcrnl fore limb also took place. (1)50, No. 40) The homo- 
lateral hind leg was Hexed at the flip and the knee following stimu¬ 
lation. A general flexion of trunk muscles then took place, bowing 
the animal together. (L)51, No. 41) With continued stimulation 
the hind legs were flexed and adducted to the belly. A slight lateral 
flexion of the lumhar region of the back and a movement of the 
fore legs and head followed stimulation. (1)52, No. 42, l r l) No 
response occurred to light pressure; hut to deep pressure a lateral 
flexion of die trunk was recorded with bending up of the lumbar 
region away from the. support. A slight extension of the homo- 
lateral fore and hind limbs also took place. (1)52, No. 42, F2) 
A stimulus similar to that just recorded led to exactly the same 
response ns that recorded for Fetus 1. (1)53, No. 43) Stimulation 

led to a local twitch of the skin when the stimulus hair was brushed 
over this point. There \vu* no response to single-touch stimulation. 
(D54, No. 44) A single touch led to no response. Stroking stimu¬ 
lus led to an extension of the spinal segments in the lumbar region. 
(D54, No. 45) N, R, (P55. No. 46) A slight twitch of all four 
paws followed stimulation. {1)56, No, 47, 1 ; 1) N. R, (D56, No. 
47, F2) A strong pressure stimulus led to a strong backward thrust 
of both hind legs and nn upward stretching movement of the an¬ 
terior part of the body. There was no response to a slight touch. 
(D57, No, 48) N, R. (D5B, No. 49) A twitch of the leg on the 
same side followed by a slight flexion of the leg on the other side 
followed stimulation, (D59, No. 50) No response took place to 
a touch or to stroking, but to deep pressure a strong outward kick 
of both hind legs took place. A slight upward extension of the 
head and twitching movements of both fore legs also occurred to this 
stimulus. (D60, No. 51) No response could be elicited to pres¬ 
sure or to a needle, although the animal was otherwise active, (061, 
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No. 52) No response was given to touch or pressure. To vigor¬ 
ous needle stimulation the fore legs were slightly extended and a 
flutter of the flexed hind legs took place, Rump twisting then oc¬ 
curred and the homolatcral hind leg executed a scratch response, 
(D62, No. 54) Stimulation led to hind-leg extension and a slight 
body extension. (D63, No. 55) N, R. (D64, No. 56) N. R. 
(D65, No. 58) N. R. (D67, No. 60) N. R. 

25. Side Back "D J> (Summary only), This area is very simi¬ 
lar in the responses which it releases and in its slow rise of sensi¬ 
tivity and its loss of sensitivity to area 24. Here, however, local skin 
responses during the active period were noted. In one fetus of 57 
days (No. 48) stimulation led to a rapid, rhythmic series of prema¬ 
ture breathing movements (Ahlfeld's movements). During the 
last week of fetal life this area was, with minor exceptions, abso- 
utely insensitive to touch or needle stimulation. 

26. Rump (Summary only). The responses which were re¬ 
leased when this area was stimulated were different from those 
elicited by the four adjacent areas just considered, This area, when 
stimulated, was more effective in calling out responses. Stimulation 
here led to many trunk movements, most of which were extensions. 
Limb movements, predominantly but not exclusively of the hind 
legs, were also commonly elicited. No local skin corrugations were 
observed in this area, 

27. Hip (Summary only), Stimulation of this region was effec¬ 
tive in bringing about response in a 32-day fetus (No. 13). This 
response included a flexion cf the hind limbs which proved to be 
the most typical response to stimulation in this area. It was also 
the dominant response at 65 days (No. 58), Trunk movements 
and even head reflexes were also elicited by stimulation of this area, 
but it was apparently dominantly concerned with the hind limbs and 
especially with flexion of the homolateral hind limb. 

28. Anus Area. (D34, No. 17) N. R. (D35, No. 20) Stimu¬ 
lation was followed by a slight movement of fore and hind legs. (D36, 
No. 21, F2) Stimulation was followed by a drawing in of rump 
with an extension of botli hind legs and a pulling together of the 
thighs so as to “protect” the region stimulated. (D36, No. 22) N. 
R. (D37, No, 23, FI) Stimulation led to a slight jerk of the rump 
followed by rather general body and limb movements. (D37, No, 
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23, P'2) N. R, (038, No. 24) A retraction of the muscles of the 
anus area with an extension of both hind limbs and a flexion of the 
rump so that it curved in toward tht belly occurred. (D40, Mo. 
28) The anal musculature was sharply constricted, the rump curved 
in, mid the hind legs flexed nnd adducted to the chest. The lore 
legs were then flexed, so that fore and hind legs came in contact, 
(134J, No. 29) A quick nml violent retraction of rump so as to 
pull the anal opening in between the hind legs followed stimulation. 
(D42, No. 30) Stimulating the anal region elicited nn expansion 
and then a constriction of the muscles immediately surrounding the 
anus. (043, No. 31) Stimulation led to a sudden contraction of 
the anal musculature inward toward the umbilical cord. A slight 
movement of the hind legs also took place, (1344, No. 32) To stimu¬ 
lation the muscles around the nnus contracted nnd relaxed, produc¬ 
ing first nn opening nnd then a closing. Stronger stimulation led 
to both hind legs being strongly Hexed nnd adducted sg that the 
thighs came to cover the area of stimulation. (1)45, No. 33, F2) 
A sharp extension of both hind legs and a slight twitch of the anal 
musculature followed stimulation. (1340, No. 34) Stimulation led 
to the liomoliiter.il hind leg being pushed against the ventral ab¬ 
dominal musculature and maintained there. The rump and anal 
musculature then "curved in," The head was also flexed laterally 
in the direction of the stimulus nnd the hoinolatcrnl fore leg brought 
down so that It touched the hip. On icstimulatkm n palpitating con¬ 
traction of the anal musculature took place, accompanied by an 
extensor thrust of both hind legs. (1)47, No. 35) Stimulation led 
to a long series of movements, in which much of the body cooperated 
and in which both "heels" were brought up toward the point of 
stimulation, (D48, No. 37) A quick sharp contraction of the 
musculature around the nnal region followed stimulation. A curv¬ 
ing in of the rump and flexion of the hind legs also took place. 
(D49, No. 38) Stimulation led to the rump's being pulled in, the 
hips thrust hack and pulled together, thus quite effectively protect¬ 
ing the area from further stimulation. The fore limbs nnd neck 
were also extended, (D50, No. 40) Stimulation led to the body's 
being contracted together until it seemed like a sphere. The rump 
was then pulled in under the hind legs; the liomolntcral hind leg 
next contracted and rotated laterally, so ns to bring the sole of the 
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foot against the point stimulated. (D51, No. 41) A light touch 
led to rhythmic pulsating contractions of the surrounding muscula¬ 
ture. To continued stimulation a dorsal flexion of both hind legs 
and curving in of the rump took place. (D52, No. 42, FI) No re¬ 
sponse to touch stimulus. To continued rather strong stimulation, 
however, a twitch of both hind legs and especially of the right hind 
leg took place. This was followed by a jerk of the body and by 
local contraction of the musculature about the anus. (D52, No. 42, 
F2) To light pressure a pronounced contraction of muscles around 
the anus took place. L'he musculature of the rump was then 
"pulled in.” (D53, No. 43) Stimulation led to an active constric¬ 
tion and then dilation of the muscles surrounding the anus. (D54, 
No. 44) Touching led to no response. Continued stroking, how¬ 
ever, was followed by pulling in of the anal area with a flexion and 
adduction of both hind legs to the body. (D54, No. 45) Stimulation 
led to a simultaneous backward thrust of both hind legs and a 
contraction of the musculature in the region stimulated. (D55, 
No. 46) Local contraction of the muscles around anus followed stimu¬ 
lation. Contraction of the general rump musculature and pulling in 
of the rump between the legs with clamping together of the heels 
and feet of both hind limbs so as to "protect" the area also followed 
stimulation. The homolateral fore limb then extended, the neck 
muscles also extended, and the head was raised and maintained in 
the posture noted. (D56, No. 47, FI) Contraction of the anal 
musculature followed stimulation. A slight backward thrust of 
both hind legs followed. On repetition the musculature of the anal 
area contracted, but the limbs did not move, (D56, No, 47, F2) 
Contraction of local musculature followed stimulation. A slight 
flexion of the homolateral hind leg also occurred. (D57, No, 48) 
A local contraction of the muscles around the anus was followed by 
a pulling together of the hips and curving in of rump so as to "pro¬ 
tect" the area. This movement was accompanied by slight lateral 
bending of the rump sway from the supporting stand. (D58, No. 
49) Stimulation led to a contraction and pulling in of the muscles 
surrounding the anus. At the same time the rump bent inward. The 
spine was then flexed, both fore legs were flexed, and the hind legs 
extended so that the paws almost touched. A vigorous stretch of 
both hind legs and even more extreme flexion of the neck then took 
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place. (D59, No. 50) Stimulation led to a violent outward thrust 
0 / both hind legs and a change in tile muscles of the anal region. 
Repented stimulation led to the same response. A very light touch 
led to nn opening of the anal area without any correlated hind-limb 
kick. (1)60, No, 51) Stimulation led to local muscle contraction 
which was followed by a slight extension of the hninolntcral fore leg. 
A needle stimulus led to a more vigorous response which included 
alternate paddling movements of the haul limbs, a curving in of the 
rump, and a slight extension of both fore limbs. (1)61, No. 52) 
Stimulation led to a contraction of the anal musculature. A needle 
stimulus led to a sharp flexion and bringing together of both hind 
legs as if to protect the region stimulated. (DGl, No. 53) Stimula¬ 
tion was followed by an extensor thrust alternately of both hind legs, 
A twitch of tlic muscles about the anus also took place. (1)62, No. 
5+) Local contraction of the musculature followed stimulation. Then 
there was a sharp synchronized backward thrust of both hind legs and 
alternate paddling of the fore legs and an upward thrust of the head 
occurred. (063, No. 55) A quick localized abduction and then 
adduction of the hoiunlutcnil hind leg look place after stimulation, 
(D65, No, 56) Stimulation led to a contraction of muscles around 
the anus and nn accompanying extrusion of the orifice of the anus, 
(D67, No. 60) Stimulation led to a slight twitch of the muscles 
about the anus, 

29, Knee (Summary only). At first this area was relatively in¬ 
sensitive, as judged by the behavior released from stimulating it, 
Later it led to movement of the stimulated limb, sometimes exten¬ 
sion, sometimes flexion. In certain instances the digits of the limb 
were either flexed or extended, usually in harmony with the dominant 
movement of the limb. In several instances local skin twitches re¬ 
sulted from stimulation, 

30, Leg (Summary only). This was n relatively insensitive 
area. It did not become able to release behavior until 35 days and 
again lost it some time before birth. The dominant movements were 
of the stimulated limb and of the hctcrolatcral hind limb. Like 
area 29 stimulation here also released some local skin responses. 

31, 32, Foot "A" mid "U" (Summary only), In both of these 
eases the stimulus was applied to the dorsal aspect of the fuot. In 
many fetuses at all of the ages studied stimulating these spots led to 
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no response, A flexion of the stimulated leg was the most common 
of the responses that did occur, although occasionally an extension of 
the digits was released. The poverty of the responses elicited by 
this stimulation is in marked contrast to that noted under 65 below, 
when the plantar surface, only a few mm. away, is stimulated. 

33, 34, 35. Hind Foot Toe ”A‘‘ ”B, J> and ,r C“ (Summary only). 
In general, these areas were insensitive to stimulation, as judged by 
behavior, until the 36th day. Even after this in many instances 
stimulation led to no response. In general, the most common re¬ 
sponse to any of these stimuli was an extension of the whole stimu¬ 
lated limb or the ankle of the limb alone. In all but onE instance, 
when the digits or one digit responded, the response was an extension 
and not a flexion. 

36. Abdomen Side "A 11 (Summary only). Beginning at the 
34th day (Animal 17) and on through most of the gestation period 
the typical response elicited by the stimulation of this area was a 
flexion and an adduction to the stimulated region of the homolateral 
hind leg. In a number of cases the typical "scratch response” was 
released in the same leg. Corrugation of the skin under the place 
stimulated was also an almost uniform response, No responses were 
elicited between the 63rd and the 67th day. 

37. Abdomen Side "BA (D32, No. 12) Stimulation led to a 
slight contraction of the muscles of the body wall, (D32, No. 14) 
After stimulation the homolateral fore paw was flexed and moved in 
the general direction of the stimulus. (D34, No. 17) Stimulation led 
to a slight flexion of the fore leg with pronounced flexion of the 
digits of the paw of that leg. (D35, No. 20) N. R. (D35, No. 
19) Stimulation led to a quick extension of both fore limbs with a 
flexion at the elbows. After this movement the homolateral fore 
leg was moved toward the point of stimulation, (D36, No. 21, 
F2) No response to touch stimulus. On continued stroking first 
the heterolateral fore limb and then the homolateral fore limb were 
adducted toward but not touching the point stimulated, (D38, No. 
24) No response to touch stimulus, On continued stroking stimula¬ 
tion, however, the fore limbs were raised toward the head, the head 
flexed slightly, and the lumbar spine laterally flexed to the beginning 
of a "C” movement. After this response a more violent contraction 
of apparently almost all of the trunk muscles and a flexion of ail 
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four limbs took place. (1)40, No. 28) Stimulation led to a cor- 
rugation of the skin which spread by ft series of ripplc9 in a cephalic 
direction. (D41, No. 29) No response took plnce to touch stimu¬ 
lation nt first) hut a second stimulus led to the hind limb's being 
flexed and adducted to the point stimulated. Both fore paws were 
then brought up nnd brushed down both sides of the snout. (D42, 
No. 30) Stimulation was followed by a contraction of the akin 
directly underlying the spot stimulated. At the same time a down¬ 
ward thrust of the left fore leg took place, which was followed by 
ar extension of the neck and consequently by a backward toss of the 
head. Repeating the same stimulus elicited again a local contrac¬ 
tion of the skin, together with a slight flexion of the homolntetal 
hind kg so that it almost touched the point .stimulated. (D43, No, 
31) The animal was continuously nctivc and stimulation seemed 
merely to increase the violence of the trunk flexure nnd limb move¬ 
ments which were occurring. (1)44, No, 32) To light touch a slight 
twitch of bath hind legs took place. To a strong stroking stimulus, 
however, both fore legs were brought down to the chest, while the 
hind legs were flexed and adducted to the belly. (D+5, No. 33, 
F2) A slight pulling in of the nbdominal wall and a downward 
twitch of the liomolrttcral fore leg followed stimulation. A slight 
flexion of both hind legs also took place. (046, No. 34) N. R. 
(D40, No. 37) A slight contraction of the underlying musculntuTC, 
a quick extension of the neck, nnd consequent snapping of the head 
upward followed stimulation, The fore legs were then ndducted to 
the face and both hind legs extended backward away from the body. 
(D49, No. 38) A bilntcrnl flexion progressing from head to tail 
and involving flexion and extension of all (our legs followed stimula¬ 
tion, (D49, No, 39) Stimulation elicited a sudden flexion and 
adduction in the homolateral hind leg so that it touched the abdomen 
with a slight sweeping or pushing movement nt the point of stimula¬ 
tion. This stimulus was given ngain and exactly the same tiling 
occurred. After the sweeping or pushing movement passed the point 
of stimulation the leg was then extended. (D50, No. 40) Stimula¬ 
tion led to a localized "sucking in" of the abdominal musculature. 
(D51, No. 41) A retraction of the musculature at the point stimu¬ 
lated and a twitch of nil four legs followed stimulation, (D52, 
No. 42, F2) Stimulation led to n contraction of the abdominal mus- 



DEHAVIOR IN THE PRENATAL GUINBA-PJB 


393 


culature which was deeper than the mere panniculus carnosa reflex. 
(D53, No. 43) The heterolatcral fore paw was flexed after stimula¬ 
tion. (D54, No, 44, FI) N. R. (D54, No. 44, F2) Continued 
stimulation led to a rigid drawing down of both fore legs toward the 
stimulus. (D54, No. 45) N. R. (D55, No. 46) No response to 
a single touch stimulus. On continued stimulation a slight jerk of 
all limbs and trunk took place. (D56, No, 47, F2) N, R. (D59, 
No. 49) N. R. (D59, No, 50) N. R. (D60, No 51) No response 
to any form of pressure stimulus. A slight touch of the needle led 
to timed responses of extension and flexion of the homolateral fore 
limb involving separate articulation of each joint. After this the 
hind legs began to execute a rhythmic beat. (D61, No. 52) No 
response to touch. To a needle stimulus, however, the homolateral 
fore leg flexed slightly toward the chest and both hind legs twitched. 
(D62, No. 54) Stimulation led to a flexion of the neck and conse¬ 
quent bowing of the head followed by an extension of the whole 
trunk. All four legs were also slightly extended. (D63, No. 55) 
N. R. (D65, No. 58) N. R. (D67, No. 60) N. R. 

39. Shoulder (Summary only). At 34 days a flexion of the 
stimulated limb was released. This response continued to appear as 
the most constant factor in the protocols up to the 54th day, after 
which with one exception no response could be elicited from stimu¬ 
lating this area. Local contraction of the skin was recorded in a 
number of fetuses. 

39. Elbow (Summary only). Stimulating this area led to a 
flexion of the stimulated limb at 34 days (No. 17). After this until 
the 51st day this was the typical response, although some special 
features appeared from time to time, such as the scratching of the 
stimulated spot by the heterolateral hind leg. After the 51st day, 
although there were one or two apparently sporadic responses, this 
area became apparently insensitive. 

40. Fore Arm (Summary only). The first response to stimulat¬ 
ing this area occurred at 35 days (No. 19). It involved a flexion of 
the stimulated limb. At later ages this same response was common, 
although extension also appeared. It seems possible that stimulation 
released "movement" and that "extension" or "flexion" depended 
upon the position of the limb or some other secondary determinants 
operating at the time of stimulation, as no special temporal order 
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can be discovered in these responses. After the 49th day this area 
became virtually insensitive to touch stimulation, and even needle 
stimulation often failed to elicit any response in an otherwise active 
fetus. 

41. Wrist (Summary only), Stimulating the dorsal aspect ol the 
carpus led to a flexion of the whole stimulated limb at 34 and 35 
days. After this time most of the responses also included either 
marked extension or flexion of the carpus and the digits of the paw. 
There is no tendency apparent in the choice between flexion and 
extension. 

42, 43, 44, 45. Dursal A sped s of the Front Paw Tees "A A 
"DA U CA and "DA (Summary only). The first response to 
stimulation of this area was a flexion of the whole limb. Through¬ 
out the whole course of fetal life flexion or extension of the whole 
limb continued to occur. Hut the characteristic response was a local 
movement of the toes; in 21 eases this was recorded as an extension, 
in 5 cases as a flexion. In one case at 46 days (No. 34) flexion at 
the carpus anti flexion of the digits followed stimulation. After this, 
extension of the digits occurred and then an alternation between 
"fanning" (extension) and "cupping" (flexion) of the digits was 
several times repealed. In a number of cases alter 50 days the 
Binglc toe upon stimulation was extended. 

46, Dorsal Mid-line of /he Snout (Summary only). The typi¬ 
cal response to stimulating this area seemed to be head extension, 
although once or twice, including once at the 36tli day (No. 21), 
head flexion occurred. In many instances the fore limbs were also 
brought up toward or actually touching the point stimulated. Spe¬ 
cial head reflexes, including lip, tongue, jaw, eye, and pinna re¬ 
sponses were elicited at times. The hind-leg scratch reflex was also 
released in several fetal stages. 

47, Dorsal Mid-line of the Grazvn (Summary only), This spot 
was in general rot sensitive. At first when stimulation of this spot 
did release movement, that movement was of the head and trunk. 
By the 40th day (No, 28) nn eye wink appeared and this was then 
an almost constant response, Pinna responses were also common. 
Other incidental movements occurred to stimulation of this zone, 
including a hind-leg scratch reflex and fore-1 imh extension. 

48, Dorsal Mid-line of the Neck (Summary only). The first 
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responses in this area were twitches of the fore and hind legs and 
flexions of the trunk. In many instances the fore legs were raised 
toward the point stimulated, From the 39th day on, corrugation 
of the skin under the place stimulated "foas almost a constant response. 
After the 54th day the responses to stimulation in this area became 
few. During the mid course of the active period, 39-54 days, head 
reflexes and scratch reflexes were also elicited, 

49. Dorsal Mid-line Shoulder (Summary only). At 32 days 
(No. 13) stimulation here led to rotation of the head, "paddling 
movements” of all four legs, and a writhing of the trunk. In this 
response were contained all of the typical elements of the later re- 
sponses made by older fetuses to stimulation of this area, except 
local subcutaneous muscle responses, which occurred first at 37 
days (No. 23) and then, quite regularly, up to 58 days (No. 49). 
After this period there was practically no response to pressure or 
needle stimulation in this area. 

50. Donal Mid-line Back (Summary only), The first sure 
response to stimulation in this area was a slight local skin-muscle 
twitch (D38, No. 24) which also involved special head and limb 
movements. Apparently incidental limb responses were elicited after 
this at times, but the one constant response was the local skin con¬ 
traction, From the 56th day to birth no responses could be elicited, 
save that in No. 54 at 62 days a local skin response followed stimula¬ 
tion. 

51. Dorsal Mid-line Hip (Summary only). From the 38th to 
the 52nd days stimulation in this area led to trunk movement, 
dominantly, but not uniformly, extension. During this period, also, 
local skin responses were very regularly elicited. After the 53rd day 
practically no response could be elicited, even by needle stimulation. 

52- Dorsal Mid-line Rump (Summary only). At 33 days (No. 
24) a flexion of the rump occurred, such that it was pulled in be¬ 
tween the hips of the hind legs, This was the first response elicited by 
stimulating this region and remained the characteristic response up 
to the 48th day, when characteristic responses ceased altogether, save 
for an incidental twitch in limb or trunk. At 67 days, however, 
(No. 60) the hind legs were flexed up to the belly and a flutter 
response of the paw of the hind limb nearest the surface took place, 
This was repeated once. 
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53. F / cnlral Mid-line Snout (Summary only), On the 36th day 
(No. 22) that is, at the first recorded response, and nt the 67th day 
(No. 60), that is, on tlic day before birth, stimulation of this area 
led to the fore left's being brought up and touching the face, Be¬ 
tween these two extremes many other responses were elicited, the 
most characteristic of which was nn extension of the neck and conse¬ 
quent elevation of the head, Various head reflexes, Including re¬ 
sponses of one side of the upper lip alone, tongue movements, jaw 
movements, eye winks, and pinna responses, were all elicited. Dur¬ 
ing the Inst ten days of the gestation period this aren was not uni¬ 
formly sensitive. 

54. Lift Groove (Summary only). At 35 days (No. 19) stimula¬ 
tion led to a quick extension and withdrawal of the head and a 
slight movement of both fore legs. A slow movement of the right 
pnw toward the snout then occurred. This movement resulted in a 
brushing or waving movement of both fore limbs, ending with the 
right paw's touching the le/r side of the face, On the following 
day (No. 22) mouth and lip movements were observed. These two 
patterns of response seemed to be the dominant ones released by 
stimulating this area. As the gestation period advanced, stimulation 
of this area at one time or another released nil of the typical head 
reflexes, including those of the tongue, jaw, eye, and pinna. 

55. Upper Gum.* (D32, No. 12) Stimulation of the lips led to 
a bringing up of both fore paws as if to brush nway the offending 
stimulation. (D34, No. 17) Movement of the left fore leg, brush¬ 
ing by but not touching face, followed stimulation. (D36, No. 22) 
Turning of the hend toward left nnd fore-leg and hind-leg twitches 
followed stimulation, (D38, No. 24) A localized contraction of 
lip on the side stimulated followed by rhythmic tongue movements 
resulted from stimulation. (D40, No. 28) Contraction of the upper 
lip, retraction and movement of the tongue, and nn upward pushing 
of both fore limbs followed stimulation. (D41, No, 29) Stimula¬ 
tion led to a wider opening of the mouth and to tongue protrusion. 
(D42, No. 30) A slight lip contraction followed stimulation. (D43, 
No, 31) The tongue was pulled back into the mouth, and jaw 

J In many eases, because of lack of dexterity un the part of the 
experimenter, this point was really rl lip and gum" rather than "gum" 
alone. 
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movements followed stimulation. The fore legs were brought up 
so as to brush but not touch the snout. (D44, No. 32) Stimulation 
led to movement of the upper lip with accompanying fore- and hind¬ 
leg movements. In one instance after some delay the fore leg was 
brought up with spreading toes brushing by the spot stimulated but 
not touching it. (D45, No. 33) Contraction of that half of the 
upper lip touched followed stimulation. The gum itself may not 
have been stimulated. {D46, No. 34) A sharp contraction of the 
upper lip as in a snarl, a pulling in of the tongue, and mandible ele¬ 
vation followed stimulation. Both fore legs were brought up to the 
side of the face. The hind legs were flexed to the belly with curving 
in of the rump resulting from flexion in the lumbar spine. (D47, 
No. 35) A localized contraction of the muscle of the Lip followed 
Stimulation, Violent movements of the fore limbs and the with¬ 
drawal of the head by the flexion of the neck and trunk muscles also 
took place. (D47, No. 36) A slight contraction of the lower lip 
and violent flexion of the left front limb followed stimulation. The 
mouth was then opened so as to pull back the upper lip. The 
tongue was then pressed forward rhythmically and the lower lip 
pulled down, bringing about a rhythmic, wide opening of the mouth. 
(D48, No. 37) Active tongue movements, lower-jaw movements, 
and pushing movements of the fore legs all followed stimulation. 
(D49, No. 39) Local contraction of lip muscles followed by rhyth¬ 
mic biting movements of the lower jaw occurred on stimulation. 
(D50, No. 40) Local response of the lip and a slight head and fore¬ 
limb movement followed stimulation. (D5l, No. 41) The lips con¬ 
tracted in such a way as to bare the teeth after stimulation. (D52, 
No. 42) A pulling up of the lip on the side stimulated and a quick 
extension of the neck and consequent toss of the head followed 
stimulation. A slight homolateraL fore-leg movement also occurred. 
(D53, No. 43) Contraction of the upper lip followed stimulation. 
(D54, No. 44) A local contraction of the segment with possible 
corrugation of the vibrissae pad followed stimulation. (D55, No. 
46) Localized lip movements, an in-and-out movement of the tongue, 
a shake cf the head, and a raising of the homolateral fore limb all 
followed touch stimulation. (D57, No. 48) Local movements of 
lips and tongue similar to those that would have been made in 
sucking and a single bite of the mandible were observed, (D58, 
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No. 49) N. K. (D59, No. 50) Twitches of both upper and lower 
lips and twitching of the fore legs occurred. (D60, No, 51) Pres¬ 
sure led to no response, but a needle stimulus led to the raising of 
both fore paws toward the mouth, nil the while executing paddling 
movements. (D6I, No. 53) There occurred a separate twitch of 
each half of the upper lip, tongue movements, nnd jaw movement. 
(D62, No. 54) Flexion of the fore legs and adduction ftnd flexion 
of the hmd legs, followed by a strong extension of the limbs and 
a slight movement of the head, all were noted. No lip movement 
occurred. (T>63, No. 55) The left paw wns raised to the point 
stimulated when the right gum was touched. When the left gum 
was couched, the right paw was raised to the stimulated spot. These 
responses were most precise in their localization. (D65, No, 58) 
N. R, (1)67, No, 60) Continued rhythmic contraction of upper 
nnd lower lips was seen. 

56. Lower Gum. (Summary only), At 35 days (No. 19), 
the first time at which a response to this area could be elicited, the 
following protocol is given: "Stimulation led to a raising of the 
right fore limb nnd a lowering of the head, so that the lips brushed 
along the right paw for the total distance from the toe to the el¬ 
bow. No localized mouth movements could be observedIn the 
next recorded response (No. 24) lower-jaw and tongue movements, 
however, were elicited. After this, these two sets of movements, 
that is, limb raising and mouth activity, were the characteristic re¬ 
sponse to stimulation in this area, Apparently incidentally, other 
limb, trunk, nnd head reflexes were also released. 

57. Tongue (Summnry only). This proved a difficult point to 
stimulate without touching other parts of the mouth, but of those 
enscs in which it was accomplished between the 37th day (No, 23) 
and tltc 65tli day (No, 58) 16 cases occurred in which the tongue 
was retracted into the mouth after stimulation. In one ease at 41 
days (No. 29) the tongue was rhythmically drnwn in and out of 
the mouth five or six times. Beside these local movements, inci¬ 
dental trunk, liiub, and head responses were occasionally, but only 
occasionally, elicited. 

58. Putts at Fuse Front Digits, the “Interdigital Pails," 6 (D32, 

“Typically’ stimulation of this area consisted in touching with the 
side of the stimulus bristle the intcrriigitul pads or eminences, 
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No, 12) Stimulation of the right fore paw when the animal 
was belly side up in the salt solution was followed by slight exten¬ 
sion, that is, "fanning," of the digits of both fore paws. (D32, No. 
14) A light touch of the pads of the right fore limb led to an ac¬ 
tive pressing of the rump to the same side. (D32, No. 14, F4) 

Stimulation led first to a flexion of the limb and then a thrust up 
against the stimulus. (D34, No. 17) Stimulation led to a trunk 
flexion in a bilateral "C" which also involved fore-leg flexion. (D35, 
No. 19) Light stimulation of the pad of the right fore limb led 

to a slight extension of the digits with a subsequent flexion of the 

apical joints of the digits and with a flexion articulated at the car¬ 
pus. Stronger pressure stimulation at the same spot, however, led 
to an extensor thrust pressing against the stimulus as if to push it 
away. Again, the slight touch of the pad of the fore paw led to 
a slight movement of each of the other legs, sucih that, had it been 
more extended, the legs would apparently have been brought to¬ 
gether in a point, (D36, No. 22) Stimulation led to a slight flex¬ 
ion of the digits. (D36, No. 21) A flexion of the fore leg to the 
side with a concomitant flexion and then extension of the wrist fol¬ 
lowed stimulation. The digits of the paws were slightly "cupped," 
i.e., flexed. (D38, No, 24) Stimulation led to a complete flexing 
of the digits so that their tips almost touched the proximal pads, 
(D39, No. 26) Touching the interdigital pads of the right fore 
leg elicited a sudden flexion of both fore legs and adduction of the 
limbs to the sides of the face, (039, No. 25) N. R, (D40, No. 

28) Stimulation led to a rhythmic extension-flexion of the paw at 
the carpus with an extension and fanning of all toes. (D41, No. 

29) A slight flexion of the digits and a pressing of the limb toward 
the stimulus followed stimulation. (D42, No. 30) A withdrawal 
movement of the paw from the stimulus followed its application. 
(D42, No. 30, F2) A flexion of the stimulated fore leg toward the 
chest and a strong: extenfeor thrust of the left fore leg with a fan¬ 
ning of the toes followed stimulation. The fetus was held ventral 
side up to the observer while these observations were made. (D43, 
No. 31) Sharp pushes against the stimulus and then upward pad¬ 
dling movements of the paw stimulated followed the experimental 
touch. A fanning or spreading of the digits also followed stim¬ 
ulation. After this the digits were flexed. (D44, No. 32) To 



400 


LEONARD CARMICHAEL 


light touch no response was apparent, but with continued stroking 
of all the intcrdigilal pads a flexion of the paw At the carpus with 
a cupping or flexion of all toes occurred. This was repeated. With 
continued stronger stimulation a greater cupping-flexion of the digits 
resulted. (D45, Mo, 33) Flexion of the stimulated leg into the 
chest with a slight extension at the wrist followed stimulation, Then 
puddling movements of both fore legs and a crossing of both fore 
legs with flexion at the wrist of the digits into a "fist" occurred, 
(D46, No, 34) A lighr touch led to a cupping or flexion movement 
of the toes with flexion of the paw at the wrist, Later a rhythmic 
extension of the paw with fanning and extension of the toes fol¬ 
lowed by a slight flexion and relaxation of the digits occurred. When 
the stimulus hair was held continuously parallel to the paw, defi¬ 
nite "grasping" movements of the toes around the hair, with a slight 
pushing movement of fore arm against it, also occurred. After this 
the limb flexed at the elbow, (D47, No, 35) A flexion of the toes 
as in clasping, together with a flexion of the whole limb, followed 
stimulation. On repenting the Btinmlus a flexion of the digits oc¬ 
curred, This observation was repented three times with similar 
results, (D47, No, 36) Stimulation, when the animal was held 
dors*l side down, led to small hut obvious extension and flexion of 
nil four limbs. (L)4B, No, 37) A slow flexion or grasp with the 
digits around the stimulus followed soft stimulation, Stronger 
stimulation led first to a slight flexion and then to a fanning and 
withdrawal of the paw from the point stimulated. (D49, No, 38) 
A quick extension of digits followed by a flexion of the digits which 
formed them into a tight fist occurred ns a result of single momen¬ 
tary stimulus. The paw was then Hexed at the carpus, while the 
digits were held extended. Only the paw stimulated responded; 
the other limbs or paws or trunk made no response. (D50, No. 40) 
Mnrkcd flexion of nil digits of the stimulated paw was followed by 
flexion of the whole leg and then quickly by a similar flexion of 
digits and limb of the leg on the other side, Doth limbs were then 
brought together so that the two paws stimulated each other. (D5I, 
No. 41) An outward extension or fanning of the digits followed 
stimulation. (D52, No. 42) To soft stimulation no response oc¬ 
curred. On continued brushing, the digits slightly extended and 
fanned. Then Alternate digit movements with articulation just 
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above the interdigital pads, similar to those used in playing the piano, 
took place. Wrist flexion and extension occurred after this. (D53, 
No. 43) Stimulation led to a pulling away of the whole leg with 
articulation at the shoulder. When stimulation was repeated ex¬ 
tension of the toes only occurred. (D54, No. 44) A light touch led 
to flexion of the fore leg. With continued stimulation there was 
a flutter of the fore leg and a contraction of the opposite leg. The 
stimulated leg was brought slightly over and crossed the fore leg 
stimulated. A second stimulus led to a precise extension of the 
wrist and a flexion of the toes. (D54, No. 45) N. R. (D55, No. 
46) No indication of digit movement followed even prolonged stim¬ 
ulation, but the whole limb twitched away from the stimulus. (D56, 
No. 47) N, R, (D57, No, 48) The first stimulus led to a flexion 
of the limb with articulation at the elbow. In this response the 
toes were flexed so as to cup them toward the stimulus. On con¬ 
tinued stimulation the limb was withdrawn and the toes extended 
so as markedly to fan them. (D5B, No. 49) Flexion of the leg 
with slight flexion at the wrist and fluttering movement of the toes 
nearest the point stimulated followed stimulation. (D60, No. 51) 
The pressure stimulus elicited no response, The needle stimulus 
led to a quick, strong flexion of the limb at tliq elbow, an extension 
at the wrist, and fanning of the toes. (D61, No. 53) N. R. (D62, 
No. 54) A sharp flexion of the stimulated leg followed the experi¬ 
mental stimulus touch, (D63, No. 55) N. R, (D65, No. 58) A 
slight flexion of the hetcrolateral limb, but no movement of the 
homclatcral limb, followed stimulation. (D67, No. 60) Stimula¬ 
tion led to a sharp flexion and adduction cf the stimulated leg to the 
chest. 

59, 60. Fore-limb Base Left and Right (Summary only). 
These areas are relatively insensitive, especially in the later fetal 
stage. Flexion of the stimulated limb and of the whole trunk was 
released at 34 days (No. 17). From this time on flexion, or oc¬ 
casionally extension, of the limb followed stimulation. In the per¬ 
iod between the 50th and the 67th day almost no responses were 
elicited in this region, even in response to needle stimulation. 

61. Epigastric Stroke (Summary only). The term “epigastric 
stroke" was taken from clinical neurology, in which it is described 
as follows by Core: “With some pointed object . . . the skin over 
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the lower c 06 tn! margin is lightly stimulated from above downwards. 
In the event of the epigastric reflex being present there is a twitch 
of the abdominal wall to the side stimulated; this is represented by 
ti jerk of the median line to this side"(21). 

At 34 days the first response to this form of stimulation was re¬ 
corded (No, 17). It wns a flexion ol the rump mid of both hind 
legs, At 38 days (No. 24) the first local muscle contraction took 
place, Alter this, hind-limb movement ami local muscle contrac¬ 
tions were characteristic responses until the 56th day (No. 47), after 
which, save for one slight hind-limb iwitcli at the 02nd day (No, 54) 
no response whatsoever occurred, Seven responses during the ac¬ 
tive period also involved the fore limbs and once (at 44 days, No. 
32) one hind leg touched the stimulated area. 

62. Urn bitted Card (Summary only). In the twenty-eight fe¬ 
tuses in which this was tried no response resulted, save that twice, 
at 48 days (No. 37) and at 51 days (No. 41) the cord was so 
strongly stimulated that it pulled on the abdominal wall, thus stim¬ 
ulating it, and in both eases then eliciting a flexion and adduction of 
both hind legs to the sliinulatcd area. These results may be taken 
as showing conclusively that the umbilical cord itself is not sensitive 
during the period covered by this study. 

63. Umbilical Reflex Stroke (Summary only), Like the epigastric 
reflex considered above, the conditions for this form of stimulation 
were adapted from the human clinical procedure as far as possible, 
Core says of this reflex, "In the case of the tunbilicd reflex the skin 
of the flank is stimulated in the same way from without inwards 
toward the median line. If the reflex is present, the umbilicus 
twitches to the side stimulated" (21), 

The response to this form of stimulation began at 38 days (No. 
24). The quotation of n single protocol at 44 days (No. 32) gives 
a picture of the typicn! response. "Stimulation led to a pulling in 
of the muscles at the base of the umbilical cord, followed by a flex¬ 
ion and adduction of the liomolatcral hind leg, such that its paw 
ceme in contact with the belly near the point stimulated," Tills 
was varied somewhat from fetus to fetus, Sometimes the hetero- 
lateral bind paw was raised. After the 57th day this reflex could 
be elicited only twice, but in both of these cases (61 and 62 days, 
Nos, 53 ami 54, respectively) the response was characteristic. 

64. External Genital Repi on (Summary only), The difficulty 
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of stimulating this region without also stimulating the anal region 
(No. 28 above) became apparent as the experiment progressed. The 
protocols could almost be exchanged with those given for No. 28. 
The dominant pattern here, as there, was one of local muscle con¬ 
traction, rump flexion, and protecting thigh adduction. 

65. Plantar Stimulation* (D34, No, 17) N, R. (D35, No. 19) 
Stimulation of the pad of the right paw led to a flexion of the rump 
muscles such that the rump was pulled in between the thighs. Stimu¬ 
lation of the pad of the left foct led to an extension of that hind leg 
with major articulation at the knee, but also with some articulation at 
the ankle. (D36, No. 21) No response even to continued strong 
stimulation, although the animal was in general very active. (D36, 
No, 22) N, R, (D37, No, 23) Stimulation led to a flexion of the 
digits. (D38, No. 24) Stimulation led to a flexion of the digits. 
(Note: Stimulating back of toes led to an extension of the digits 
which was quite the opposite of the flexion noted above,) (D39, 
No. 25) Stimulation led to a flexion of the leg with articulation 
at the heel and the knee. The stimulated limb was thus adducted 
to the belly. This was repeated with similar results. (D40, No. 
28) A slight flexion of the limb first moved the paw away from 
the stimulus; an upward extension at the wrist accompanied by 
a fanning of the toes then occurred, This was followed by a flexion 
at the wrist and a slight flexion of the digits. (D41, No. 29) A 
pronounced fanning of the toes and an extensor thrust first followed 
stimulation. Pressing the stimulus harder against the interdigital 
pads then led to a definite flexion or cupping movement of the whole 
paw, It is remarkable, however, that light local punctiform stimu¬ 
lation of one pad at a time led to fanning or extension of the toes 
and especially of the toe above the stimulated pad. (D42, No. 30) 
Stimulation led to a slow flexion and adduction of the leg toward 
the belly. This flexion included an articulation at the heel. The 
limb then relaxed gradually back to normal position. (D43, No. 
31) The paw flexed or curled slightly around the stimulus when it 
was applied. It then remained curled for a short interval of 

“Typically stimulation of this area consisted in touching with the 
side of the stimulus bristle the interdigital pads or eminences, Some¬ 
times the stimulus was brushed over the plantar surface more gen¬ 
erally, 
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time after the stimulus was taken away. Articulation at the sep¬ 
arate joints of the phalanges could be clearly seen in this flexion, 
(D44, No. 32) An extensor thrust of the leg, followed by a flexion 
or cupping of the toes, resulted from ,stimulation, (D45, No, 33) 
Stimulation led to a flexion of the stimulated leg such that the leg 
was adducted to the belly. The digits were flexed Btrongly. Touch¬ 
ing one paw nlso led to a flexion of digits on the other. (D46, No, 
34) At first a flexion of the limb followed stimulation. Then the 
digits were flexed and maintained in this posture for a. time until 
this posture was, without further stimulation, overcome by an op¬ 
posed extension, which came eventually to dominate completely so 
that a most vigorous fanning took place, (1)47, No. 36) Stimula¬ 
tion led to n gentle flexion at the ankle. The three digits of the 
paw were nlso flexed. On repented stimulation the magnitude of 
this response decreased. (D47, No. 35) A flexion of the toes 
around the stimulus object followed the .application of the stimulus, 
Touching the interdigitnl pad nt the base of all three toes of the paw 
led to an extensive movement of the two outer toes and a less pro¬ 
nounced movement of the middle one. Further stimulation led to 
an extension of the limb, thereby pulling it away from the stimulus, 
(D48, No, 37) An extension of the digits of both paws followed 
stimulation of the pads of either paw. (D49, No, 39) Stimulation 
at the bnsc of each digit led to a flexion of that digit, Touching the 
paw a little further toward the heel, that is, at the proximal pads, 
led to a flexion of nil toes and indeed to a flexion of the whole limb, 
(D49, No. 39, F4) A slow flexion and ndduction of the whole limb 
toward the belly took place, after which followed a strong, vigorous 
extension of both bind legs and an extension of the rump. (D49, 
No. 38) Extension of the digits with articvilation at the base of 
the digits and at the ankle took place, At the same time the homo- 
lateral fore limb was so flexed and adducted that it almost touched 
the point on the bind paw that had been stimulated. (D50, No. 
40) Stimulation led to a flexion and cupping of the toes. When the 
pads at the base of the individual toes were stimulated there was a 
localized flexion. This observation was most marked in the case 
of the "little" toe. (US 1, No. 41) A sharp flexion of the whole 
limb, a slight flexion of the digits of the stimulated paw, with in¬ 
dividual twitching of digits, all followed a single touch stimulus. 
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(D52, No, 42) An extension of the toes followed light pressure 
stimulation. Stronger stimulation led to a flexion of the limb and 
a flexion and cupping of the toes. (D53, No, 43) Stimulation led 
to a strong quick extension and spreading of the toes. A second 
stimulus led to a similar response, including an extensor thrust of 
the whole limb. (D54, No. 44, FI) N. R. (D54, No. 44, F2) 
Stimulation led. to a flexion of the leg and an extension of all toes. 
(D54, No. 45) N. R. (055, No. 46) A pronounced flexion of all 
toes, followed by an extension of the hind leg, took place. General 
fore-limb, head, and trunk reactions also occurred. (D56, No. 47) 
Stimulation was followed by both hind legs being flexed and ad¬ 
ducted to the body. (D57, No. 48) Stimulation was followed by 
a rhythmic flexion-extension movement of one toe. (D58, No. 49) 
A spreading and extension of the digits, then a flexion and bringing 
together of the digits, and finally a flexion at the ankle all followed 
stimulation. A light touch at the base of any one toe led to a flex¬ 
ion of that toe alone. The middle toe was most responsive. (D59, 
No, 50) A strong outward thrust of each hind leg followed stim¬ 
ulation of the intcrdigital pads of that limb. A very light touch, 
however, led to an extension of the toes. "When the hair was thrust 
between the toes, however, the toes extended in a fan and at the 
same time the whole limb executed an extensor thrust, (D60, No. 
5J) No response occurred to pressure or normal needle thrust, 
Strong needle thrust led to an extensor thrust of the limb and a 
rhythmic flutter of the foot. (D61, No. 52) Stimulation was fol¬ 
lowed by a flexion of the toes and a slow flexion of the whole limb. 
(D62, No. 54) A sharp upward rhythmic extension of the hind leg 
involving extension at the ankle and at all of the digits followed 
stimulation. The same response was secured from the other leg, 
(D63, No. 55) A slight twitching backward of the foot with ex¬ 
tension and fanning of all toes followed stimulation. A repetition 
of the stimulus led to a flexion of the limb which continued 
until the posture was such that further retraction was impossible. 
Then a violent thrust against the stimulus took place, This was 
observed four times. (D67, No. 60) No response to stimulation 
of any sort could be elicited. 

66. Blow for the Achilles Jerk (Summary only). Although a 
number of responses are recorded to this form of stimulation, the 
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small size of the fetus and the dilTicully of determining whether 
the response was one tn mere cutaneous pressure has made it seem 
desirable not to include nny report of these observations in the 
present paper. 

67. Leg (the Inner Surface of the Thigh) (Summary only). 
This area proved to he relatively insensitive. At the 38th day (No. 
24) occurred the first response, a flexure of the stimulated hind limb. 
This proved to be tbc characteristic response, blit, snvc for occasional 
twitches, no response occurred to pressure after tile 53rd day, A 
few extensor thrusts did occur, as well as incidental trunk and fore- 
limb reflexes. 

68. Cremasteric Stroke (Summary only), The term cremas¬ 
teric stroke is here used by analogy only. The stimulus used in 
human neurological examinations to elicit the cremasteric reflex is 
roughly similar in locus to the stroke indicated in Figure l. This 
form of stimulation in the fetus elicited comparatively few responses, 
Of those that did appear, hind-leg flexion seemed most characteris¬ 
tic. In fetuses from the 51st to the 67tli day in but two cases 
were responses recorded. 

69. Wow for Jaw Jerk (Summary only), Because of the size 
of the fetus and because of the liquid environment it proved impos¬ 
sible, for the most part, properly to administer this form of stimula¬ 
tion. In one case quick jaw opening did result, but this was pos¬ 
sibly die result of mere cutaneous stimulation. 

70. Taste Stimuli, Several tentative experiments have been 
made in the study of tnstc stimuli by observing differences in the 
sucking reactions called out i'll lute fetuses by different liquids, but 
these experiments arc not well enough advanced for report at this 
time. 

71. Probe in Mouth, (D34, No. 17) No mouth movements 
resulted from this form of stimulation, but both fore paws were 
brought up to touch the probe. The digits of both paws were ex¬ 
tended and fnnncd. After removing the stimulus the paws were 
held at the point of previous stimulation, (D35, No, 20) Push¬ 
ing a thin bristle probe in and out of the mouth led to several move¬ 
ments both of the jaw and the lip. The fore legs were also raised 
to the face. (D3G, No. 21) The insertion of the bristle probe 
into the mouth led to a raising of one fore limb with Hexed or cupped 
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digits. The paw then actually pushed against the stimulus object. Aft¬ 
er continued stimulation by moving the probe in and out of the mouth 
rhythmic movements of the lower jaw were initiated, which con¬ 
tinued as long as the probe was gently moved in and out of the 
mouth. Tongue movements accompanied this activity. (D36, No. 
22) Stimulation led to a wink of the unopened eye, mouth and lip 
movements, and a pushing of both fore legs against the face. (D37, 
No. 23) When the hair probe was placed in the mouth, rhythmic 
but very slow movements of the lower jaw began. (Note: In this 
animal self-stimulation of the inside of the mouth by the toes of 
the left fore paw was observed. This stimulation led to sucking 
movements, together with tongue movements.) (D38, No. 24) 
Stimulation led to rhythmic jaw movements. Soon after the inser¬ 
tion of the probe both fore paws were brought up as if to press away 
the stimulus. (D39, No. 25) The probe at first led to no jaw or 
tongue movements, but the lower jaw was depressed and then both 
fore paws were brought up to the mouth region. The mouth then 
began to open in a more or less rhythmic fashion, synchronized with 
a retraction of the muscle wall in the abdominal region. Then both 
fore legs were raised toward the head and the hind legs were ex¬ 
tended away from the body. At the same time the neck was flexed, 
thus bowing it upon the chest. After a rest period the probe was 
again inserted in the mouth. This time tongue movements with 
the tongue slightly pursed and lip movements were also elicited. This 
whole pattern seemed to be very typical of sucking, but no indica¬ 
tion of swallowing was present. (D39, No. 27) Stimulation led 
to upper-lip and lower-lip movements. The tongue was rhythmi¬ 
cally protruded and retracted. Jaw movements also took place. 
(Note: In random behavior of the fetus, when the mouth came in 
contact with the placenta, mouth movements as described above 
were also observed.) (D40, No. 28) Upper- and lower-lip move¬ 
ments followed stimulation. Tongue and jaw movements also oc¬ 
curred rhythmically in such a way as to exert some pressure on the 
bristle probe. (D41, No. 29) Definite sucking movements of 
tongue, lips, and jaw, including hollowing of cheeks, followed stim¬ 
ulation. (D42, No. 30) Placing the bristle probe in the practically 
open mouth of the fetus was followed by a closing of the mouth and 
a pressing of the tongue around the hair. However, nothing that 



408 


LEONARD CARMICHAEL 


could be called sucking movements lollowctl. (D43, No. 31) Stim¬ 
ulation led to lower-jaw movement. The tongue was pursed over 
the object. Some rhythmic activity nf the mnutli was observed, but 
nut gucIi as to involve the throat, (D44, No. 32) Definite move¬ 
ments ol opening ami dosing of the mouth, of the tongue, ol the 
lip and jaw, strongly suggesting sucking or luting, lollowctl stim¬ 
ulation. (1)46, No. 3+) Jaw, tongue, ami lip movements with fore 
legs brought up to either side of the mouth followed stimulation, 
The fore legs then executed alternate paddling movements with 
fanning of the toes. (l)4fl, No, .17) Upper* and lower-lip and tongue 
movement, all coordinated together in a premature form of sucking, 
followed stimulation. Definite pulling in of the rod in the mouth 
could be detected, (1349, No. 39) As soon as tile probe was placed 
in the mouth it was pressed out by the tongue, At the same time 
both fore legs were brought up to the mouth region and brushed 
by it, A wooden probe '/$" in diameter was now substituted for 
the smaller probe, with the result that prolonged sucking movements 
of the lip and tongue took place, hut so far as could he observed 
externally no swallow inn movements occurred. (D49, No. 38) 
Rhythmic jaw and longue movements occurred in response to the 
probe that had been inserted in the mouth, the jaw was pulled 
hack and out in such a way as to bring both upper and lower jaw 
to bear on probe. The lower lip then curled clown, the upper lip 
was raised, hut no rhythmic movements took place. (051, No. 
41) Tongue, upper- and lower-lip, and jaw movements all followed 
stimulation. (1352, No. 42) When the probe was inserted the 
tongue was protruded and the lips brought up and then retracted 
away from the teeth. The bend moved in and out slightly and both 
fore limbs were brought up toward point stimulated. In one in¬ 
stance the tongue was thrust forth from the mouth. (D53, No. 43) 
Stimulation led to movements of lips and jaw though not in a typi¬ 
cal "sucking rhythm,” (D54, No. 44) No sucking movements fol¬ 
lowed insertion of the probe but rather a slight upward and down¬ 
ward rhythmic movement of the fore paws and a twitch of the 
trunk. Lip and tongue movements then took place, but not such 
that they could be called sucking. (D54, No. 45) Stimulation led to 
no true sucking movements, but lip movements did occur. The 
fore legs were brought up to the mouth and the head jerked back- 
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ward. (D55, No. 46) Stimulation led to rhythmic lower-lip 
movements. The tongue curved around the probe, was rhythmi¬ 
cally protruded and retracted. At the same time the lower lip was 
raised and lowered rhythmically. (D56, No. 47) No lip or mouth 
movements followed stimulation. The fore legs, however, were 
brought up toward the mouth and the head was jerked away, (D57, 
No. 48) Stimulation led to localized lip and tongue movements. 
The neck was also extended so as to draw the head back and the 
two fore legs were flexed over the chest. (D58, No. 49) Stimula¬ 
tion led to tongue movement, lip movement, and jaw movement, all 
in a rhythmic sequence which may be characterized as sucking, (D59, 
No. 50) Lip, mouth, jaw, and tongue movements, all rhythmically 
repeated as in sucking, followed stimulation. (D60, No. 5l) N. R. 
(D61, No. 53) No complex sucking movements could be elicited, 
but the lips did move. (D62, No. 54) Spontaneous mouth, jaw, 
lip, tongue, and throat movements were seen. Stimulation led to 
sucking movements which included clinging with lips, pressing with 
tongue, and even a slight pull on the probe. No indication of swal¬ 
lowing, however, could be observed. (D63, No, 55) Stimulation 
led to a biting down on the probe, quivering lip movements, and 
pronounced sucking and biting movements. At the same time both 
fore paws were raised and then extended so as to push away the 
stimulus. (D67, No. 60) Stimulation led to definite sucking 
movements, including lower lip,’ jaw, and upper lip. Pursing and 
pressing of the tongue in and out also occurred, as did neck move¬ 
ments, which seemed to be those of swallowing, 

72. Magnus Head Turning. (Summary only). Under this 
somewhat inaccurate title are included the results of stimulation re¬ 
sulting from bending or twisting the head in relation to the trunk. 
In each case when the condition of the fetus made it possible the 
head was rotated first to the right and then to the left. After this 
the head was laterally flexed to right and left; it was then flexed 
dorsally and vcntrally. The results of this form of stimulation in 
small fetuses are difficult to evaluate, At 37 days (No. 23), for 
example, rotation ta the right seemed to lead to a slight extension 
of the right fore leg; rotating to the left, of the left leg. But these 
leg movements may possibly have been mere mechanical tensions 
brought about by the forced movement of skin and muscles. To all 
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of the 17 positive responses recorded, the same objection may be 
raised. According to the records secured, however, the very response 
given at 37 days was characteristic of later periods, 

73, Photic Stimulation of the Eye, (In the cases marked “op¬ 
eration 1 ’ the eye was opened by lifting the lids with cntaract forceps 
and cutting the lids open. The photic stimulus consisted in turning 
on n 500-watt bulb at about 50 cm. from the eye.) (D39, No, 25) 
Alter the operation it was found that the eye was so deeply pig. 
mented that the observation could not be made with assurance 
(D40, No. 28) After operative opening of the eye, eyeball move¬ 
ments could be observed, but in no direct relation to the photic stim¬ 
ulus, No iris responses were observed. (D+l, No, 29) After op¬ 
eration and the flashing on and of! of the light, definite but slight 
iris reflexes were observed, The pigmentation of this eye was fav¬ 
orable far observation. (D43, No. 31) After operation the response 
could not be surely determined as the eye was unpigmented, (D45, 
No. 33) The pigmentation of this eye was favorable for observa¬ 
tion and after operation iris contraction to light stimulation could 
be seen. Marked eyeball movements also followed stimulation. 
(D4G, No, 34) After operation marked cycbnll movements were not¬ 
ed, but not in relation to light. Three observers all agreed that a 
definite iris reflex followed the photic stimulation, however. (D48, 
No. 37) After the operation marked eyeball movements were ob¬ 
vious, but light did not lead to an observable iris reflex, Eye wink¬ 
ing was observed, but tills was not surely related to the photic stim¬ 
ulus. (D49, No. 38) After operation violent eyeball movements 
were noted, but because of unfavorable pigmentation the iris could 
not be clearly seen and so the light reflex could not be studied, (D51, 
No, 41) Alter operation it was found that pigmentation made ob¬ 
servation difficult, but iris response to photic stimulation did appar¬ 
ently take place, (D52, No, 42) Alter operation the pigmentation 
of the exposed eye was seen to be too great to make the iris visible. 
(D53, No, 43) After operation the reflex was impossible to observe 
because of unfavorable pigmentation of the eye and iris. (D55, 
No. 46) High pigmentation made observation of the iris impos¬ 
sible. (D57, No. 48) Pigmentation of this naturally open eye 
was bucIi that no response could be seen. (L)58, No. 49) Color of 
eye was such that observation was impossible with our technique, 
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(D59, No. SO) No iris response could be observed to photic stim¬ 
ulus. (D60, No. 51) Photic stimulus led to a pronounced slow 
contraction of the iris. (D61, No. 53) The iris could not be ob¬ 
served because of pigmentation, but the lids closed when the light 
was on and then slowly opened when the light was out. (D62, 
No. 54) The iris and eye were so darkly pigmented that the obser¬ 
vation could not be made. (D63, No. 55) No response could be 
observed under the surface of the bath, but later in air the pupil 
contracted under the strong photic stimulus and dilated in weaker 
light. This response was repeated many times, 

74. Blow for the Triceps Jerk. Stimulation proved not to be 
possible and no records were taken. 

75. Auditory Stimuli (Summary only). In no case did the 
loud lung-blown whistle which was used as a stimulus lead to re¬ 
sponse while the fetus was still under water. In one case, in a 63- 
day fetus (No, 55) which was removed from the water, in 10 
seconds a pinna reflex was noted. This was not tried in many cases 
and probably would have been effective in some younger fetuses, 
This response will be studied in more detail at a later time, 

76. Smell Stimuli. In this study this form of stimulation was 
not systematically employed. Preliminary studies suggest, however, 
that it could be used differentially in those fetuses in which air 
breathing could be initiated. 

77. Needle Stimulation of yibrissae Pad "S". (In general, 
the needle, fastened to the end of a probe, Was applied by a light 
touch sufficiently strong to be reported as a prick by a human sub¬ 
ject. In certain cases it was, as noted, applied more strongly,) 
(D34, No. 17) Stimulation led to a sharp upward movement of both 
fore legs and brushing of the side of the face cn both sides. (D35, 
No. 20) Slight movement of fore legs in general direction of stim¬ 
ulation followed application of the needle, (D36, No. 21) Stim¬ 
ulation led to quick neck bending so as to move the head away from 
the needle stimulus, This was followed by a unilateral bending of 
the trunk and an extension of the fore limb. The paw was brought 
very near the point stimulated. (D36, No. 22) A slight upward 
movement of the homolateral fore leg followed stimulation. (D38, 
No. 24) Stimulation led to an eye wink of the still unopened eye 
and was then followed by the paw's being raised toward the point 
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stimulated. The head was also raised as a result of neck extension. 
(D40, Ho. 28) N. R. (U41, No. 29) Writhing of the trunk 
muscles with flexion and extension of all four limbs followed stim¬ 
ulation. (D43, No. 31) The touch of the needle led to violent ro¬ 
tation of the head and opening and idosing of the mouth. The 
Immolateral fore leg was then brought up so that it brushed the 
stimulated spot. (D44, No. 32) Stimulation led to a sudden dor¬ 
sal flexion of the neck and consequent moving away of the head, 
followed after several seconds by a slow precise raising of the homo- 
lateral fore leg to the exact spot stimulated. (D46, No. 34) A 
somewhat delayed response of the homolnteral leg took place to 
stimulation, such that the paw actually pushed against the needle 
which was still in contact with the skin. After this, the homolatcrnl 
fore leg was raised so that it rested between the eye and car and 
then was brought slowly down the face until the paw was held over 
the snout where it remained "protecting" the recently stimulated 
spot for some time. (D48, No, 37) The pressure stimulus led to 
local twitch of the pad; so did the needle. (D49, No, 38) Stim¬ 
ulation led to local contraction of the muscles and a slight twitch of 
the fore limb and vigorous trot responses of the homolatcral hind 
limb. The body was then flexed su as to bring the hind limb to¬ 
ward the point stimulated. 'The fore leg was then "curled” under 
the chest with flexion at all joints. 1)rushing the vibrissac now grow¬ 
ing from the vibrissac pad in such n way as not to touch the skin 
elicited a more violent response than actually strongly pressing the 
skin at the base of the vibrissac with the needle, (1)51, No. 41) 
After stimulation both fore legs were brought up and brushed past 
the Bnout. (D52, No, 42) The neck extended after stimulation 
and the posture wns maintained for some time. Then nil four limbs 
were extended away from the body, Several eye winks of the still 
unopened eye took place also, (D53, No. 43) Slight extension of 
the homolnteral fore leg followed stimulation. A repetition of the 
stimulus led to a mere twitch of the homolatcrnl limb. (D54, No, 
44) The stimulus wns applied with increasing pressure till the skin 
was pierced, but no response other than a twitch of the muscles un¬ 
derlying the pud occurred. The same response was given to a mere 
touch of the vibrissac themselves. (054, No, 45) Stimulation led 
to a quick upward thrust of the left fore leg and then two or three 
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alternate paddling thrusts. (D55, No. 46) Local contraction of 
the pad followed stimulation. Each separate hair seemed to be in¬ 
dependently erected. Then a pronounced writhing of the trunk 
muscles took place, and the homolateral and heterolateral fore paws 
were brought up to the head. The hillocks at the base of each hair 
became white as the vibrissae -were erected. (D56, No, 47) Stim¬ 
ulation led to a strong rotation of the head, an upward thrust of the 
homolatcral fore leg, and a slight raising of the homolateral hind 
leg. (D57, No. 48) Stimulation led tn a twitch of the muscles 
of the neck. (D58, No. 49) No response to stimulation, no mat¬ 
ter how strong the stimulus. (D59, No. 50) Stimulation was fol¬ 
lowed by the homolatcral fore leg's being brought up sharply so as 
to touch the spot stimulated. The toes of the active limb were 
sharply flexed, (D61, No. 53) Stimulation led to a flexion of the 
neck, thus slowly bowing the head of the fetus and removing it from 
the region where it had been stimulated. (D62, No. 54) The 
moment the pad was pricked the head turned sharply away from 
the stimulus, This was repeated again and again, (D63, No, 55) 
Stimulation led to a slow and maintained eye closing, slight head 
bowing, witli short movements of the homolateral paw toward the 
point stimulated. 

78. Needle Stimulation of Brow (Summary only). Stimulation 
of this sort led to no responses until the 36th day and at that day 
only in one fetus for one of the two litters studied (No. 22). The 
response was a slow rotation of the head and a twitch of both fore 
legs. At later periods the responses released were mainly the spe¬ 
cial head reflexes. In no case were the responses noted as especially 
vigorous or strong. 

79. Needle Simulation of Side-back “C" (Summary only). 
Lateral flexures and dorsal and ventral extension and flexion of the 
trunk, including neck and rump, seemed to be the most characteristic 
responses released by this sort of stimulation. Rhythmic movements 
of the limbs were also elicited in many cases, This response was 
indeed the first to be observed as a result of this form of stimulation 
at 34 days (No, 17). At the 62nd and 63rd days (Nos, 54, 55) 
scratch refiexes were released. No indication of violent response 
or of the behavioral signs of pain were noted. 

80. Needle Stimulation of the Rump (Summary only), No 
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response to this form of stimulation was elicited till the 38th day 
(No. 24). At that time tile protocol reads, "Stimulation released 
paddling movements of all four paws and a flexion of the rump re¬ 
gion such that the rump was pulled in between the hind legs.” This 
is very typical of all the later responses to the stimulation of this 
area by the needle. None of these responses wns especially vig¬ 
orous. 

81. Needle Stimulation of Abdomen Siilc "A" (Summary only). 
This area was relatively insensitive to stimulation. Adduction to 
the belly of the homed atcral hind limb, activity of the other limbs, 
and local muscle response were characteristic reactions. The limb 
response pattern appeared at 3G days (No. 22), the local muscle 
response nt 43 days (No. 31). 

82. SlimtilalioJt of the Front of the Nose by a Single-break 
Shock (Abbreviated protocol). (Note; In order to use electrical 
stimulation for areas 82 to 93 inclusive small platinum-wire elec¬ 
trodes were applied to the area to be stimulated, which was for the 
purpose licit! above the surface of the bath. However, the surface 
of the nnimnl was alwnys still moist. In the ease of the single- 
break shocks nnd of the fnrndie current the inductorium was ad¬ 
justed so that the shocks were just perceptible to the human sub¬ 
ject, Some further adjustment was Rt times made after the elec¬ 
trodes had been applied to the Ictus. In nil cases the response from 
touching the fetus by the electrodes was allowed to dissipate itself 
before the clcctricnl stimulus was given. For cnrly responses to this 
sort of stimulation sec first sections of protocols.) (D34, No. 17) 
A slight upward movement of the head, accompanied by a brushing 
movement of the fore leg, followed stimulation. (D38, No. 24) 
After stimulation the mandible wns elevated and all four legs 
twitched, (D40, No. 28) An upward thrust of both fore legs 
followed stimulation, (D41, No. 29) A slight contraction appar¬ 
ently involving most of the muscles of the trunk followed stimula¬ 
tion, (D43, No. 31) Stimulation led to an upward movement of 
fore legs toward but not touching the snout, (D45, No. 33) A 
wink of the still unopened eyes nnd n sharp flexion of the hoinolatcral 
hind leg followed the application of the stimulus. (ID46, No, 34) 
A wink of the still unopened eye followed stimulation, The homo- 
lateral fore leg was then hexed and the limb brought up to the side 
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of the face. The paw flexed during this movement. (D49, No. 38) 
Stimulation led to the head's being slightly thrust forward. The 
nostril then dilated and contracted and the fore paws were twitched. 
(051, No. 41) A twitch of the musculature around the electrodes 
and a wink of the still unopened eye followed stimulation. (D52, 
No. 42) The trunk and limbs executed a quick writhing movement 
which especially involved the homolateral leg, which was adducted 
to the nose but not so as to touch it. (D53, No. 43) A rotation 
of the head away from the stimulus and an extension of both fore 
legs away from the body resulted from the shock stimulus, (D54, 
No. 44) A localized corrugation of the vibrissae pad followed stim¬ 
ulation. (D54, No. 45) A violent extension of the neck muscles 
and backward toss of the head followed stimulation. (D55, No. 
46) Stimulation led to a jerk of the head. (D56, No. 47) An up¬ 
ward thrust of the hetcrofateral fore leg and a turning away of the 
head followed stimulation. (D57, No. 48) Contraction of the 
muscles about the eye and an ear twitch beth followed the stim* 
ulus. (D59, No. 50) A violent twitch and twist of head and a 
violent outward thrust of the legs occurred after stimulation. (D60, 
No. 51) A twitch of the head followed stimulation. (D61, No, 
53) Responses involving trunk and limbs in a typical "struggle” 
reaction followed stimulation. (D62, No. 54) A sharp upward 
thrust of the fore leg followed stimulation. (D63, No. 55) Stim¬ 
ulation led to a dilation of the nostril, together with a slight flexion 
of the fore paw. 

83. Stimulation of Area " B" of the Pinna by a Single-break Shock 
(Summary only). Because of the size of the electrodes no stimulation 
of this area was tried before the 37th day (No. 23). This animal 
gave a local contraction of the pinna, which may well have been a 
direct muscle response. In later fetuses the pinna reflex was still 
the characteristic form of response to this sort of stimulation, but 
general head movements, the other head reflexes, and indeed limb and 
trunk movements were also occasionally elicited. 

84. Single-break Shock Stimulation of Side of Back "B’ J (Sum¬ 
mary only). Local muscle response, flexion or extension of all limbs, 
and general trunk movement followed this form of stimulation. In 
a few instances the homolateral hind leg was adducted to the stim¬ 
ulated spot. 
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85, Single-break Shock Stimulation of Abdomen Side ,r B“ (Sum¬ 
mary only), Following application of the stimulus there was a local 
response of the muscles near the electrodes and an assortment of 
trunk nnd limb movements, which did not seem to follow any par* 
ticular pattern. The first response was at 38 days in No, 24. 

86. Angle of Lip (I'araiiic) (Abbreviated protocol). (Note; 
Stimulation Riven ns described under No. H2 above.) (1)34, No. 17) 
Stimulation led to violent paddling or trot movements with all four 
legs, (1340, No. 28) General trunk nnd limb responses occurred. 
(D41, No. 29) A localized brushing movement ol the liomolntcral 
paw touching the point stimulated followed the brief stimulus per¬ 
iod. (D43, No. 31) General trunk activity followed stimulation. 
(D44, No. 32) A downward extensor thrust of the homolatcral 
fore leg followed stimulation. (D45, No. 33) After stimulation the 
tongue was retracted, the lower lip twitched, and the homolatcral 
hind leg was brought up sharply to the belly, (1)46, No. 34) Cor¬ 
rugation of the vibrissne pad, wink of the still closed eye, and a twitch 
of nil four legs followed stimulation. (1349, No. 38) An elevation 
ol the lip and flexion-extension sequences of movement in both fore 
legs resulted from stimulation, (D51, No, 41) Stimulation released 
general body and limb responses. (1)52, No. 42) Pronounced re¬ 
sponses of the trunk and all limbs were released by the current. 
(D53, No. 43) All extensor thrust of the hind and fore legs fol¬ 
lowed stimulation, The head then turned and the local muscula¬ 
ture contracted. (DS5, No. 46) Stimulation led to a quick jerk 
of the head and general mouth movements. The fore paw was 
then brought up to the spot stimulated and both hind limbs were 
extended and tile trunk gave a twitch. (1)56, No. 47) Stimulation 
led to mouth movements and a turning away of the head. After 
this both forelegs were brought up and extended, and the hind legs 
were extended away from the body. (D57, No. 48) Eye wink fol¬ 
lowed stimulation, (060, No. 51) Extension of all four legs and 
of the neck followed stimulation. (D61, No. 53) General struggle 
response resulted from stimulation, (D62, No. 54) Stimulation led 
to a contraction of the lounl musculature. The homolatcral fore 
leg wus hexed to the chest nnd the bead extended and thus pulled 
away. (D63, No. 55) Stimulation led to a head twitch, jaw move¬ 
ments, the raising of the fore paw, and a twitch of both hind legs. 
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87. Faradic Slim illation of Side Face ‘B“ (Summary only). 
At 40 days (No. 28) wink of the still unopened eye, neck and 
fore leg flexion took place. This was the characteristic pattern of 
response released by stimulating this area in all later fetal stages, 

88. Faradic Stimulation of Area "A" of the Pinna (Summary 
only). At 34 days (No. 17) general limb movements were re¬ 
leased. At 40 days (No. 28) pinna reflex and eye wink of the still 
unopened lids occurred. From that time on the elicitation of the 
head reflexes and of fore-limb movement was characteristic. 

89. Faradic Stimulation of the Back of the Shoulder (Summary 
only). Local contraction of the skin near the electrodes, trunk 
flexion, and movements (flexion or extension) of all four legs typi¬ 
cally followed stimulation here after the 40th day. 

90. Faradic Stimulation of the Rump (Summary only). At 
40 days (No. 28) the response recorded to this form of stimulation 
is: "A local contraction of muscles, an inward curving of the rump, 
and a slight flexion and then extension of the hind legs," This was 
characteristic of the responses to stimulation in this region up to 
the last recorded observation in a fetus of 62 days. This pattern 
of behavior was similar to that elicited by stimulation at Nos, 26, 
27, and 80, 

91. 92. Faradic Stimulation of Hind-foot Toe l 'C rJ and 
Front-foot Toe "A" (Summary only). In both of these areas the 
typical response was either a flexion or extension of the toes and 
either a flexion or extension of the stimulated limb. Other limb 
and trunk movements occasionally occurred. There was no indica¬ 
tion of especially strong responses. 

93. Faradic Stimulation of Tongue (Summary only). The 
mechanical difficulties of applying electrodes in this area make the 
results secured by this sort of stimulation questionable. Trunk, limb, 
and local mouth movements were all elicited, however. 

93. Faradic Stimulation of Tongue (Summary only), The me¬ 
chanical difficulties of applying electrodes in this area make the results 
secured by this sort of stimulation questionable. Trunk, limb, and 
local mouth movements were all elicited, however. 

94, 95. Temperature Stimulation at the Side of the Face 
(Area rr D J> ) and the Side-back (Area “C”) (Summary only). In 
order to stimulate the fetus with temperature, the organism was 
first raised until the body area to be stimulated was just above the 
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surface of the bath. A lew drops of water Ironi the bath were 
then dropped upon the skin to test lor pressure responses to the 
falling drops. The drops were allowed to fall n few mm. only, 
In the 34 experimental stimulations only three nr four times did 
any response follow dlls form of stimulation and In these cases it 
■was very slight, The temperature stimuli used were relatively in¬ 
tense. In a later study less marked temperatures will be studied, 
In the present experiment cold stimuli of 2“ and 4" C. and Warm 
stimuli of 70° mid 75° C, were used for the most part, although 
response to temperature of 19“ C. was recorded in one case. The 
responses released by the cold and warm stimuli were for the most 
part similar and involved many muscles of the trunk and limbs. 
There was a typical difference between the stimulation of the face 
and the side, in that the face stimulation did in ninny cases lead to 
the raising of the homoiatcrnl fore limb toward the place stimulated, 
Unmistakable responses to temperature stimuli were secured in typi¬ 
cal fetuses from the 35th day to the 62nd day. It must be noted 
that in each stimulus recorded above puin may have been involved 
because of the extremes of temperature used. 

96, 97, 90, 99, 100. //r Stimulated after High Cervical Section of 
the Spinal Caret (Summary only). Without interfering with the 
placental blood supply, a quick incision was made in the neck in 
certain of the fetuses studied and then the whale spinal column and 
cord was severed by sharp cut of a small pair of surgical scissors, 
The fetus ordinarily died in a short time alter this very crude op¬ 
eration, presumably because of loss of blood. The many serious 
faults with the technique described ore obvious. The results given 
below arc therefore presented ns suggestive rather than ns satisfac¬ 
tory experimental findings. The cord section was usually in the 
mid-cervical region. In the summnry of findings presented here no 
effort will be made to follow the areas of the chart, but the be¬ 
havior of each fetus studied will be briefly summarized, 

(037, No. 23) At the moment of cutting the spinal cord a defi¬ 
nite, pronounced, simultaneous flexion of both hind legs occurred. 
The lids of the still unopened eye responded by winking when di¬ 
rectly stimulated. I'or Approximately 30 seconds after transection 
of the cord no reflexes of those tried could be elicited, save the or¬ 
bicularis just noted. After this, limb responsiveness returned. Seim- 
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ulation of the pads at the base of the paws (fore and rear) led to 
extensor thrusts of greater magnitude, it seems, than in the intact 
animal. When the fore legs were mechanically bent they returned 
the pressure in an exaggerated form. (D40, No. 28) After the cut 
there seemed to be increased tonus of the fore limbs. Reflexes were 
maintained in- the hind legs. Eyelid and pinna reflexes were also 
maintained. No paddling or general limb movements, however, oc¬ 
curred. (D41, No. 29) After a very short interval following sec¬ 
tion both fore legs became rigid. This was not true of the hind 
legs. Reflexes could not be elicited. To passive flexion of the fore 
and hind limb, however, the -position to which the limb had been 
bent was maintained. (D43, No. 31) After transection no move* 
ment of the pinna could be elicited, but the unopened eye did wink. 
Stimulation of the head region had no effect on the trunk or limbs, 
but stimulating the fore limb did lead to responses in the hind limb 
and stimulating the hind limbs led to a flexion in the fore limbs. 
Trot reflexes of long duration were then initiated in the fore limbs 
and the hind limbs stretched out from the body holding long-main¬ 
tained extensor tonus. (D44, No. 32) After transection there was 
an exaggerated extensor thrust of both fore legs, when touched with 
the stimulus hair on the bottom of the interdigital pads. There was 
glea a quick active extension and tanning of the toes. Virtually the 
same condition prevailed in the hind legs. Movements seemed to be 
much more intense, vigorous and uncontrolled than they had been 
in this fetus before transection. (D45, No. 33) After transection 
stimulating the angle of the lips led to a wink of the still unopened 
eye. To a stimulation of the hind limb an extensor thrust occurred, 
which was also followed by an extensor thrust of the heterolateral 
fore limb. The hind limbs were then both extended and main¬ 
tained with a marked rigid tonus. Stimulating the elbow of one 
fore limb led to a flexion of the heterolateral hind limb. (D46, 
No. 34) After transection an extreme rigidity of both hind legs 
took place. The right fore leg was then extended and brought down 
to and touching tile hind leg. The left fore leg was then flexed and 
maintained flexed. After this rigidity passed from the hind legs. 
Stimulation of the unopened lids led to a "winlt" although there was 
no response to stimulation of the concha, Very slight touch stimuli 
led to responses when the hair was applied to the hind legs, fore 
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legs, or abdomen. (D49, No. 37) After transection stimulation 
of the nnjgJc ol the lip JciJ to movement of the facial musculature 
and of the lips. Stimulating the hip led to a lateral flexion of the 
spine, and a touch of the intcrdigitnl pad of the fore paw led to a 
violent cupping and pushing movement with toe extension and shak¬ 
ing of the head. Strong hyper-activity in general characterized the 
animal. Passive flexion of the fore limli led to general "struggle" 
responses. (049, No, 38) Immediately after transection trotting 
movements of all four legs began, These movements stopped in the 
hind legs first, but continued in the* fore legs for some seconds. Ex¬ 
aggerated extension of the toes of the hind leg was elicited by stim¬ 
ulating the interdigital pads, and exaggerated flexion or cupping in 
the digits of the fore paws occurred to similar stimulation. In both 
of these eases there was no doubt that the response was exaggerated 
in comparison with any response elicited in this fetus previously. 
(D51, No. 41) After transection the hind legs were markedly ex¬ 
tended and the fore lcg6 executed paddling movements. In the 
rhythm of the fore-leg movements there was something of the repe¬ 
tition characterized as the "trot," Lower-jaw, mouth, tongue, lip 
movement, and definitely sucking responses followed stimulation of 
the corner of the lip. Stimulation by pressure on the wrist led to 
an extension of the toes of the stimulated fore limb. Stimulating 
the mtcrdigitnf pad of the fore foot led to wrist extension and the 
funning of the toes. Stimulating the same pad on the hind paw led 
to on extensor thrust and a rhythmic and alternate cupping and 
fanning of the toes. Stimulating the concha led to sucking move¬ 
ments, blit no responses of limb or trunk. In general, a response 
such ns a flexion of the toes was more pronounced than in the case 
of the normal fetus. (D32, No, 42) After transection pronounced 
rigidity of the hind legs, rapid paddling movements of the fore legs, 
which then passed over into a somewhat maintained rigidity, fol¬ 
lowed stimulation, Slight rhythmic action in hind legs was also 
noted, A touch of the intcrdigital pads of the hind paw led to n 
violent extension of both hind limbs with n marked flexion of all 
toes. (D53, No. 43) After transection stimulation led to continued 
paddling movements of both fore legs and un extension of the trunk 
below the cut, The fore-leg movements continued for n few sec¬ 
onds, then stopped. Touching the corner of the mouth led to « 
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contraction of the musculature around the nostril. An eye wink of 
the still unopened lids with a maintained contraction also occurred. 
Touch on the hip led to no response, not even to a deep pressure 
stimulus. A touch of the intcrdigital pad of the hind paw led to 
a slight extension of one digit. (D55, No. 46) Immediately after 
the cut a pronounced extension of the fore and hind legs took place 
which involved a rhythmic movement in the hind legs with pro¬ 
nounced extensor tonus maintained. A touch in the corner of the 
lip led to tongue movements. No response occurred to the touch 
of the hip, but to touching the pad at the base cf the fore paw an 
extensor thrust took place which was followed by decreased tonus. 
No response resulted from stroking the abdomen, (D57, No. 48) 
After transection the paw reflexes were difficult to elicit, but did 
appear. In general, the movements were somewhat slower and with 
a more continued tonus than in the normal animal. (D59, No. 50) 
After transection no response to the corner of the mouth took place. 
Touching the hip led to a contraction of the muscles around the 
anus. A touch of the interdigital pad of the plantar surface led 
to a violent withdrawal of the limb, (D60, No. 51) After tran¬ 
section paddling movements of the hind legs took place. The fore 
legs were not active, but were still sensitive to stimulation. Head 
and trunk responses occurred to appropriate stimulation, (D63, 
No. 55) Touch stimuli did not elicit response. However, pro¬ 
nounced responses did occur to strong stimulation by forceps and 
by passive-flexion movements of the limbs. The section was high 
in the cervical region and the eyelid reflexes seemed to have been 
abolished, as were the pinna reflexes. 

101, 102. Rotation and Post-rotation in Air-breathing Fetuses 
(Summary only). Several fetuses of an age to be able to breathe 
when placental circulation was interrupted were tested on a turn¬ 
table. This experimentation was not done systematically, but there 
was no doubt of compensatory head and trunk movements, both 
before and after rotation in fetuses cf 65 days. These responses will 
be further studied. 

103, 104. Passive Flexion of Limbs. Incidental notes in regard 
to response to this form of stimulation have been given above. It is 
not given in detail here because it was always complicated by pressure 
produced at the point at which the limb was grasped to produce the 
flexion. 



Ill 

CONCLUSIONS 

A number of protocols and summaries have been 
presented above, in as complete form as feasible in the 
available space, in order to make clear to the reader 
the complex nature of the behavioral life of a series of 
fetal guinea-pigs of increasing gestation age when such 
behavior is released at each stage by the stimulation 
of definitely located receptor areas. Table 2 presents 
an abbreviated summary of the general locus of the first 
response and the date of such response in relation to 
the special receptor areas stimulated. 

The actual picture of fetal behavior gained by read¬ 
ing the protocols is more important and more true than 
any summarizing statements which may be offered. 
The conclusions presented below should, therefore, 
be evaluated in the light of this fact. 

1. Heart beat was the only activity observable in 
the youngest fetuses studied in this investigation. This 
finding is in accord with the reports of many previous 
investigators upon comparable mammalian fetuses 
(76, 104, 15). For reasons that need not be reviewed 
here heart beat is not considered to he '‘behavior 0 as 
that word is used in this paper. The fact, however, 
that heart beat may lead to passive movement of the 
head in the cat fetus has been noted (101). 

2, Before any behavior mas observed the skeletal 
muscles of the still immobile fetus could be made to 
respond by direct electrical stimulation. This finding 
is in accord with the previous observations of a num- 

[422] 
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TABLE 2 

Age of 


Receptor area stimulated 

fetus 
at first 
response 

1, 

Angle of lip 

32 

2. 

Vibrissae pnd "A" 

32 

3. 

Vibrissae pad "B 1 

32 

4. 

Nostril 

32 

5. 

Front nose 

32 

6. 

Side face (, A" 

34 

7. 

Side face "B" 

37 

s. 

Side face "C" 

32 

9. 

Side face "D” 

34 

10. 

Eye (when open) 

56 

11. 

Lower eye lid 

32 

12- 

Upper eye lid 

34 

13. 

Brow 

40 

14. 

Crown 

34 

IS. 

Concha 

31 

16. 

Pinna "A" 

32 

17. 

Pinna "B" 

37 

IB. 

Neck ventral 

32 

19. 

Neck dorsal 

32 

20, 

Side above shoulder 

34 

21, 

Back above shoulder 

34 

22, 

S’ide-back "A" 

32 

23. 

Side-back "B 1 ' 

35 

24. 

Side-back "C" 

38 

25. 

Side-back "D" 

33 

26. 

- Rump 

36 

27. 

Hip 

32 

2B. 

Anua area 

35 

29. 

Knee 

34 

30. 

Leg 

35 

31. 

Foot “A” 

38 

32. 

Foot "B" 

35 

33. 

H. toe "A" 

34 

34. 

H. toe "B" 

*35 

35. 

H. toe «C" 

*40 

36. 

Abdomen side “A 11 

34 

37- 

Abdomen side “B" 

32 

3 B, 

Shoulder 

34 

39. 

Elbow 

34 

40, 

Fore arm 

35 

41, 

Wrist 

34 

42. 

F, toe "A" 

32 

43. 

F. toe "B" 

*41 


General locus of first response 

Neck and fore limb 
Neck and both fore limbs 
Neck, trunk and both fore limbs 
Neck and fore limb 
Fore limb 

Caudal trunk and fore limb 
Fore limbs 

Neck, fore and hind limbs 
Trunk, neck, and fore and hind 
limbs 
Eye wink 
Fore leg 

Neck and fore leg 
Wink of unopened eye and pin¬ 
na reflex 
Neck 

Fore limb and neck 
Trunk 

Pinna and palpebral reflex 
Fore and hind limb 
Fore and hind limb 
Fore limb and shoulder girdle 
Trunk, neck, fore and hind legs 
Hind limbs 

Local subcutaneous muscle re¬ 
sponse 

Rump, fore and hind limbs 
Rump, fore and hind limbs 
Trunk, fore and hind limbs 
Trunk, fore and hind limbs 
Fore and hind limbs 
Fore limb 

Fore and hind limbs 
Digit flexion 
Fore leg 
Hind limb 

Digit extension, fore and hind 
limbs 

Digit and ankle movement 
Hind limbs 
Trunk 
Fore limb 

Fore limb and digits 
Fore limbs 
Neck and limb 
Fore limb and neck 
Wrist and limb 
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TADLE 2 (Continued) 


Age of 
(cMia 
al first 


Receptor area ilinuilaled 

response 

n. 

F. tac "C" 

*10 

45, 

F. toe "0" 

*41 

46. 

Dorsal mid-line snout 

35 

■17. 

D, M, L. crown 

39 

4B. 

D. M. L. neck 

35 

49. 

D. M. L. shoulder 

32 

50. 

D. M. I- hack 

3B 

51. 

D. M. L. hip 

3k 

52. 

D. M. L- rump 

31 

53. 

Ventral mid-line snout 

36 

54. 

Lip groove 

35 

55, 

Upper gum 

32 

56. 

Lower Itum 

35 

57. 

Tongue 

36 

-SB. 

Pad at bn sc F. digit 

32 

59, 

Arm bane right 

34 

< 50 . 

Ann base left 

34 

61. 

Epigastric stroke 

34 

62. 

Umbilical cord 

— 

63, 

Umbilicnl reflcac stroke 

3B 

64. 

External Rcniln! region 

36 

65. 

Plantar stimulation 

35 

65, 

Blow for Achilles jerk 

— 

67. 

Leg 

3B 

6B, 

Cremasteric stroke 

33 

69. 

Blow for jnw jerk 

— 


General locus of first response 

Digits and limb 
Digits, wrist, elbow, shoulder 
Fore and hind limbi 
ftend, fore paivs 
Neck, fore and hind limbs 
Trunk, neck, fore and hind 
limbi 

Local suhcutnncaui muscle, fore 
and hind limbs, neck, jaw 
Neck, fore and hind limbs 
Rump 
Fore limbs 
Neck, fore limbs 
Fore limbs 
Neck, fore limbs 
Tongue movement 
Fore limb 
Fore limb 

Trunk and fore limb 
Hump and hind limbs 
No direct response m any time 
Rump and bind limbs 
Submit a neons muscles snd hind 
limbi 

Rump, bind limbs 
Difficult) 1 of stimulation makes 
response in doubt 
Mind limbs 
Hind limbs 

Difficulty of stimulation makes 
response in doubt 


70, Taste stimuli ns noted — 

71. Probe in mouth 34 

72, Magnus bead turning 

73. Light stimulus (Eye open 

nnltirnlly or by opern- 


Diflicully of stimulation makes 
response in doubt 
Fore limbs 

(sec protocols) 



lion J 

41 

74. 

Blow for triceps jerk 

— 

75. 

Auditory stimuli as tided 

63 

76. 

Smell stimuli ns noted 

— 

77. 

Vibrissne pad 'D ,J 



(Needle) 

34 

70. 

Brow (Needle) 

36 

79. 

Side-hack "FI" (Needle) 

34 

B0. 

Rump (Needle) 

3B 


Iris response 

Difficulty of stimulation makes 
results in doubl 
Pinna response 
Difficulty of ntimulntiun make 
response in doubt 

Fore limbs 
Neck and fore limb 
Fore and hind limlu 
Rump, fore and bind limits 
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TAULE 2 ( Continued ) 


Age oi 
fetus 
at first 

Receptor area stimulated response 

General locus of first response 

81. 

Abdomen aide "A” (Needle) 

36 


B2. 

Front nose (Single-break 




shock) 

34 

Neck and fore limbs 

03. 

Pinna “B" (Single-break 




shock) 

37 

Pinna response 

84. 

Side-back "D" Single- 


Local muscle contraction, fore 


break shock) 

34 

and hind legs, trunk 

05. 

Abdomen aide "D" 




(Single break shock) 

3B 

Trunk, fore and hind limba 

8d. 

Angle of lip (Furadic) 

34 

Fore and hind limbs 

07. 

Side face "B” (Faradic) 

40 

Palpebral reflex, neck, fore 




limbs 

H8. 

Pinna "A" (Faradic) 

34 

Fore and hind limbs 

69. 

Hick above shoulder 




(Faradic) 

40 

Trunk, fore and hind limbs 

90. 

Rump (Faradic) 

40 

Trunk, fore and hind limbs 

91. 

H. toe <'C" (Faradic) 

40 

Hind limbs 

92. 

F. toe "A" (Faradic) 

40 

Fore limb and digits 

93. 

Tongue (Faradic) 

— 

Difficulty of stimulation makes 




results in doubt 

94. 

Side-face "D" (Warm 




and caol) 

35 

Trunk, fore and hind limbs 

95, 

Side-back "C" (Warm 




and cool) 

35 

Trunk, fore and hind limbs 

95. 

Angle of Up (Pressure, 




etc., after high cervi- 




cal section) 

(See special protocols) 

97. 

Ilip (Presaurc, etc., after 




high cervical section) 

(See 

special protocols) 

90. 

Pad at base F, digits 




(Pressure, etc., after 




high service) section) 

(See 

special protocols) 

99. 

Epigastric stroke (Pres- 




aure, etc., after high 




cervical section) 

(See 

3pecinl protocols) 

100. 

Plantar stimulation (Pres- 




sure, etc., after high 




cervical section) 

(See 

special protocols) 


* In these cases the day given ia the first day on which the area had been 
stimulated. 


ber of investigations on comparable fetal material 

(43, 103, 6f>). 

3. In a 28-day fetus behavior involving skeletal 
muscle response 'without electrical stimulation was ob- 
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served for ike first lime. This is in virtual agreement 
with the earlier work of Preycr and Yannse, who set the 
onset of motility in the fetus of the guinea-pig at about 
4 weeks (76, 104). 

4. The first observed responses occurred "spontane¬ 
ously f that is, as a result of unknown causes. These re¬ 
sponses were in fetuses in which muscular reactions had 
not as yet been released by experimentally applied ex¬ 
teroceptive stimulation. In other words, Preycr's gener¬ 
alization, ,f die Sensibilitdl irilt rcgclmiissig spiifer auf, 
als die Moliiittit" (76), was verified in the onset of be¬ 
havior. This finding is in harmony with the observa¬ 
tion on other fetuses made by previous investigators, 
although it is possibly not true for all fetuses (77, 93, 
100), It is conceivable that the mechanical changes 
incident upon opening of the uterus in our preparation 
lead to proprioceptive (deep pressure?) stimulation of 
a sort not provided by our exteroceptive pressure 
stimulation. If this is the case, tine “unknown cause” 
of the first spontaneous movements is proprioceptive 
stimulation and its definite “reflex” form is more easily 
understood. Windlc, Orr, and Minear hold that the 
proprioceptors may be the first functional receptors in 
the cat fetus (103). Later “spontaneous” movements 
may result from interoceptive or other general activa¬ 
tion of previously established response systems and 
thus present a more typical picture of what has some¬ 
times been called spontaneous “mass behavior." 

5. The first "spontaneous” movement observed was 
a lateral flexion of the neck and a synchronous and 
possibly independent movement of the fore limbs. This 



BEHAVIOR IN THE PRENATAL GUINEA-PIG 


427 


finding is not absolutely conclusive in regard to a 
vexed problem of the present time concerning the 
origin of limb movement. Windle and his collabora¬ 
tors, as suggested above, bold that the first movement 
observed in the cat is of the nature of a specific reflex 
(101, 103). Coghill, Angulo y Gonzalez, and others 
(IB, 4), on the other hand, working with other fetuses, 
hold that the first movement is a generalized trunk 
response, later involving passive fore-limb movement 
and then independent limb movement. Windle and 
Orr find that the first spontaneous movements of chick 
embryos are ventral trunk flexions, but the first re¬ 
sponses to exogenous stimuli in this organism, which is 
observed some days later, is a wing reflex (67, 102). 
The author has further experiments in progress which 
will assist in settling this point so far as the guinea-pig 
fetus is concerned. 

6. The first sensory area from which behavior was 

released in the present study was Region 15, the concha 
of the ear. This occurred in a fetus of 31-gestation- 
days’ age. At this time no other cutaneous area re¬ 
leased responses, when stimulation was applied as it 
was in this study. Windle reports that in the cat fetus 
the “first reflexogenous zone' 1 included . the nose, 
ears, and in general, most of the head . . . (100). 

7. In general, responses at every stage are a func¬ 
tion of what were called in the introduction of this 
paper (a) modes of stimulation and (b) variable con¬ 
ditions of the organism. 

8. The first stimulus-released response noted in the 
study may be characterized, at its first appearance, as 
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a pattern of behavior, which involves a relationship be¬ 
tween neck flcxiojj and fore-limb movement. More¬ 
over, this “pattern of behavior" proved to be character¬ 
istic of the "pattern" which was typically released by 
stimulating the concha (luring the whole period of fetal 
life. An observation similar to this seems to have been 
made by other investigators, but little emphasis has 
been previously placed upon its "patterned" character. 
It is quite possible, however, that neurological study 
will demonstrate that the head-movement and limb- 
movement aspects of the response are to some extent 
independent mechanisms at this age. 

9, Many of the points indicated on the Chari of 
Receptor Areas, when stimulated, release behavior 
from the first which in spite of very great variability 
could always be considered as a special "pattern of 
behavior" A consideration of the protocols given 
above demonstrates this fact. The simultaneous pres¬ 
ence of secondarily released behavior, as explained 
below, sometimes tends to "mask" this pattern. The 
term "pattern of behavior" as used here and in other 
parts of this study is not intended to imply in a se¬ 
quence of behavior any mystical sort of "totality," 
"inner organization," or the like, but merely to char¬ 
acterize various relatively complex scries of responses 
which are recognizably similar in some respect. Pat¬ 
terns are characterized as similar, that is, as partially 
identical, cither because the elementary responses com¬ 
posing them arc identical in absolute magnitude of 
movement and in absolute time relationships, or arc 
recognizably proportional, at least in part, to each 
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other in the relationships existing between these times 
or magnitudes. In many ways the logic behind the 
construction of the concept of the “behavior pattern/’ 
when that term is used in a non-mystical sense, is com¬ 
parable to the logic used by Sherrington in the de¬ 
velopment of his conception of the “type reflex” (81). 

10. Each behavior pattern released by the stimula¬ 
tion of a particular area may be said to undergo a series 
of changes during fetal life. The statement just given 
must be recognized as a metaphorical and qualitative 
expression intended to represent the fact that while cer¬ 
tain relationships called “a pattern” are maintained, 
at least relatively, other relationships are absolutely 
altered. It should be noted that the author does not 
consider the “pattern” to be “a thing,” but merely as a 
linguistic descriptive device forced upon one who de¬ 
scribes behavior in words, by the nature of language 
itself. The changes in patterns may thus be called 
alterations of motor diffusion to specific receptor 
stimulation at various ages. To divide artificially this 
intricate continuum, however, which is in a sense 
specific for each receptor area, into a set of discrete 
stages intended to fit all areas is to do an essential in¬ 
justice to the facts. For the purposes of exposition, 
nevertheless, it seems that the device of constructing 
arbitrarily “stages” of change in "behavior patterns,” 
provided such stages be recognized as pure constructs, 
may not be without value. It should be noted also that 
quantitative study of particular behavior sequences at 
any “stage” would show great variability. Eventually 
quantified stimulus conditions and measured responses 
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must be recorded before completely valid scientific 
conclusions can be drawn in regard to these so-called 
stages. With these qualifications it may be said that 
the most typical course of development of behavior in 
relation to specific sensory stimulation seems to involve 
the following five stages: 

Stage A- The first release of behavior, in which, 
weakly and incompletely, certain aspects of what will 
later form the typical "pattern" of the gross responses 
from that area are released. By "gross responses” is 
meant large limb-muscle and trunk movements, If 
the reader will refer to the full protocols given above, 
be will see a number of clear examples of this and the 
following stages as exemplified in the stimulation of 
specific receptor areas. In recently reported work on 
the cat embryo Windlc, Orr and Mincar (103) have 
described certain very early movements of this sort as 
definite ‘'reflexes.” To the present writer this seems 
entirely justified. This observation of Windle and his 
collaborators and the observations of the present in¬ 
vestigation seem sharply to qualify, therefore, the view 
that all fetal development of specific responses is the 
"individuation" of previously existing "mass beha¬ 
vior.” The desirability of the use of the term Reflex 
in this connection is merely a matter of convention. 
However, ultimately the present writer subscribes to 
the view that such responses may well be called reflexes. 
Skinner has offered the following clear proposition in 
regard to the relationship between general behavior 
and the reflex: "The essence of the description of be¬ 
havior is held to be the determination of functional 
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laws describing the relationship between the forces 
acting upon, and the movement of, a given system, 
The reflex is, by definition, the precise instrument for 
this description” (83). 

Stage B. The pattern of gross movement which 
appeared weakly and incompletely in Stage A is now 
stronger and in many cases more “adaptive"; that is, 
for example, in the case of area ^5, instead of a slight 
bowing of the head and a slight elevation of the fore 
limb, both of these responses are now carried out so 
completely that the point on the ear which has been 
stimulated may be actually brushed by the paw. 

Stage C . Without any necessary change in the 
gross movement pattern considered in Stage A and 
Stage B a fine movement pattern ordinarily involving 
limited and usually small muscle-groups is now often 
released by stimulation which was not in any sense 
present in the behavior initiated by identical stimula¬ 
tion in previous stages. From this time on, however, 
this response becomes a typical component of the char¬ 
acteristic behavior pattern released by stimulating 
many specific receptor areas. 

Stage D. As a result of the structural alteration 
underlying changing thresholds of stimulation, or as 
a consequence of a modification in other underlying 
structures and functions, especially those concerned 
with central-nervous-system facilitation and inhibition, 
the pattern of responses released by a given sensory 
area may now frequently become less complete than 
formerly. For example, in this stage, may often appear 
only the eye-wink component of the whole pattern 
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which was previously elicited by the stimulation of the 
lids. The stages outlined as A, B, and 0 are thus typi¬ 
cal in the history of such definite reflexes as the palpe¬ 
bral, the pinna, and ninny others, as observed and 
recorded in this study, It should be understood, how¬ 
ever, that the possibility of calling out the larger pat- 
tern of which these definite rellexcs were once a com¬ 
ponent has not been lost, but may be effected by appro¬ 
priate conditions of the organism or the stimulus at any 
time. In general, this analysis may be seen to be in a 
measure in accord with Coghill’s description of the 
development of a reflex as individuated out of a total 
pattern (20). It should be noted, however, that typi¬ 
cally not until our Stage G, above, lias this elementary 
component which is later to be “individuated out” of a 
more complex behavior pattern been characteristically 
apparent at all. 

Stage E , Type L In many areas, but by no means 
in all (and notably not in mucous-membrane areas), in 
the latter part of fetal life receptors previously effec¬ 
tive in eliciting patterns of behavior become ineffective, 
But such responses as arc released arc now often fast 
and precisely localized. The unexpected phenomenon 
of the apparent unresponsiveness of the late fetus may 
not be unrelated to one or more of the following syn¬ 
chronous changes in the organism: (1) Mechanically, 
in the manner emphasized by Kuo in the chick (52), 
the fetus has now become so large that movement is 
difficult. In many instances in late fetal life the 
organism, on being delivered into die bath, requires a 
good deal of stimulation before it seems to "awaken.” 
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This is in sharp contrast to the immediate activity ap¬ 
parent under similar conditions in younger fetuses. 
(2) The skin has become thicker and the hair coat more 
protective at this period. That this is not the only 
factor involved is attested, however, by the observation 
that needle stimulation as well as pressure is often in¬ 
effective in arousing responses at this period. (3) The 
head exteroceptors have begun to be functional, and 
there is evidence that higher brain centers have also be¬ 
gun to be functionally involved in the spinal and brain¬ 
stem reflexes. This fact is indicated in the alteration in 
spinal reflexes secured in this late period by cervical 
transection as reported above. This shift may indeed 
be associated with an encephalization of function which 
is in some respects comparable to the encephalization 
of function which has been treated in other contexts by 
Fulton and Keller (34), Marquis (60), and others. 
(4) It is possible that fetal respiration is more effective 
in the early than in the late fetus. 

Stage E, Type II, At varying times, in relation 
to different receptor areas, as the period for normal 
birth approaches, the previously recognizable and dis¬ 
tinct patterns of response come to be merged in new 
and larger patterns which are in a novel way effective 
in changing the orientation of the whole organism, 
rather than a segment of the organism, in relation to 
the activating stimulus, This change may, in certain 
cases, be as much a function of increasing muscular 
effectiveness as of a central-nervous-system alteration, 
It is also often apparently a function of the onset of 
effectiveness in new receptor mechanisms, especially 
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of a labyrinthine sort. (Sec Dusscr de Barenne, 30). 
A characteristic example of this type of this stage may 
be found in the stimulation of a point, such as the nos¬ 
tril, which at first releases neck and fore-limb reactions, 
but which by 60 days has come to initiate paddling 
movements which are effective in “avoidance bcha- 
vior" in which the external observer may see “persis¬ 
tence by varying means" involving the total, integrated 
organism, Behavior of this sort, if viewed out of the 
context of the changes just summarized in Stages A, 
B, Gj nnd D, is often so complex, variable, and “adap¬ 
tive" as to seem almost to defy mechanistic description, 
In the light of the stages just outlined, however, such 
behavior typically appears as a new temporal pattern 
of responses which have been present in isolation, under 
other conditions, at previous stages. The onset of this 
type of behavior in relation to certain forms of stimula¬ 
tion may occasionally, at any rate, begin quite early in 
fetal life. In this last stage, then, it seems that a new 
afferent mechanism may initiate processes leading to 
old efferent mechanisms and to new time relationships 
in the operation of these old mechanisms. As a specu¬ 
lation the writer wishc9 to record the fact that it seems 
not incredible to him at present that a complete knowl¬ 
edge of this change will make possible an understand¬ 
ing of "equivalence of stimuli" in Kliiver’s sense (50), 
and that possibly the processes here briefly character¬ 
ized will rather explain the conditioned response than 
be explained by what has customarily been called con¬ 
ditioning, 

11. Photic stimulation of the eye may lead to motor 
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responses of the limbs , etc.j before the eyes are normal¬ 
ly open m the fetus, •when such stimulation is made 
possible by an operative exposure of the eye. In spite 
of the fact that a microscope was not used in the ob¬ 
servations of the eyes, it can be said that the present 
study demonstrates the existence of the iris reflex as 
early as the 41st fetal day. Photic stimulation in later 
fetuses also leads to eyeball movement, eye winking, 
and the activity of other large muscle groups of the 
body. Previous observations in this field have been 
summarized by the author elsewhere (15). 

12. Auditory stimuli released behavior in a 63-day 
fetus after the liquid had been removed from the ex¬ 
ternal meatus. No evidence of response to auditory 
stimuli on the part of fetuses in situ or under the sur¬ 
face of the bath was secured, although evidence in 
comparable forms suggests that under certain circum¬ 
stances such responses may be secured (15), Avery 
reports responses in the fetal guinea-pig to auditory 
stimuli on the 60th day (6). 

13, Needle stimulation ( t( pain stimuli’ 1 ) in general 
released responses which were quite comparable to re¬ 
sponses released by pressure stimuli rather than to the 
vigorous responses characteristic of the adult animal 
•when subjected to pain stimulation. Very little be¬ 
havioral evidence of “pain," even on actually cutting 
the skin, was secured in this study. It seems, therefore, 
that the prepotency of the noci-ceptors, in the sense de¬ 
scribed by Sherrington, has not developed in any 
marked degree in fetal life (81). For previous find¬ 
ings which support this view see Genzmer (35), 
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|+. Temperature stimuli well above and well below 
the temperature of the fetus, when applied to the skin, 
release behavior. The experimentally controlled tem¬ 
perature stimuli upon which this statement is based 
were applied under such controlled conditions that it 
could be determined that the responses were to tem¬ 
perature and not to pressure. The sensitivity was first 
demonstrated in the 35-day fetus. The responses re¬ 
leased, possibly because of the spreading of the liquid 
stimulus, seemed to involve a large number of muscle 
groups rather than a truly specialized behavior pat¬ 
tern. The possibility that the extremes of tempera¬ 
ture used in the present study may have involved pain 
stimulation rather than true temperature stimulation 
should be recognized. 

15. In late fetuses compensatory movements during 
rotation and in the immediate post-rotational period 
were demonstrated. In the present study these ob¬ 
servations are based upon relatively few experiments. 
The observations made, however, arc clear and it seems 
possible to make the statement with little qualification. 
The course of the development of this form of receptor 
control of behavior during fetal life, however, has not 
yet been worked out. For an account of previous work 
in this field see (15). 

16. There is evidence that in late fetal life higher 
brain centers influence responses which are characteris¬ 
tically called ft spinal reflexes" In a number of fetuses 
the spinal cord or brain was sectioned at various levels. 
The results of these preliminary experiments suggest 
that, in late fetuses at least, the normal spinal reflexes 
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are in part a function of the activity of higher centers. 
This finding is in harmony with the facts which have 
been established in the adult organism by the physio¬ 
logical study of reflex phenomena in the spinal animal 
(cf. 31, 33, 23). Many of the necessary controls to 
make assertions sure in regard to the effects of these 
operations, however, have not as yet been carried out. 
In general, our somewhat casual results, however, are 
in accord with those of Brown (10) and Langworthy 

m- 

17. As development progresses, the amount of f< mo- 
tor diffusion resulting from specific receptor stimula¬ 
tion" decreases, at least in certain areas and under cer¬ 
tain stimulus conditions, Minkowski, on the basis of his 
extensive work on human fetal material, in several 
places speaks of the shrinking of the cutaneous "reflex- 
ogenous zones” as age increases (63, 64). Bersot notes 
a similar change, especially in regard to the responses 
which are typical of plantar stimulation (8, 9). Pratt, 
Nelson, and Sun say of the newborn infant that as age 
increases the child comes to have sucking responses 
elicited only by the lips which previously were called 
out by stimulating cheeks, tongue, and the interior of 
the mouth (75). Pratt, in later publications, suggests 
that the shrinking of the reflexogenous zones is one of 
the determinants of specific behavior (71, 72, 73, 74). 
Before considering this problem in detail, it may be 
well to define as clearly as possible the concept of the 
reflexogenous zone. This descriptive phrase has been 
typically applied to an areal receptor surface of an 
organism which, when stimulated at any point by a par- 
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ticular form of energy; releases patterns of motor ac¬ 
tivity which may be characterized as the same, In 
practice, the reflexogenuus zone most always be de¬ 
termined by appropriately stimulating a given receptor 
surface and noting the resulting behavior. Thus, for 
example, when the same stimulus is applied to the up¬ 
per eyelid and to the concha of the ear, and when the 
stinnilaton of these areas releases, as it sometimes does, 
an eye wink, these two surfaces, as well as all inter¬ 
mediate and surrounding areas which release this re¬ 
sponse, may be spoken of as composing the same “rc- 
flexogenous zone. 11 This is true even though touching 
the eyelid does not lead to a pinna response as does 
touching the concha. Many writers in this field have 
not clearly separated the concept of the reflexogenous 
zone, as just defined, from what may be called motor 
diffusion to specific receptor stimulation, when such 
diffusion is determined by the stimulation of one spe¬ 
cial receptor area, at various developmental stages, 
The two concepts, however, of the reflexogenous zone 
and of motor diffusion to specific receptor stimulation 
should be kept distinct. An excellent example of 
change in a motor diffusion is found in the lateral mar¬ 
gin of the pinna (Pinna of the Chart of Receptor 
Areas given above). At 32 days stimulation of this 
area led to a patterned movement of neck, trunk, and 
fore and hind limbs. At 43 days the same sort of stimu¬ 
lation released “a sharp, sudden contraction of the 
whole pinna, as well as neck, trunk, and limb move¬ 
ment.” At 61 days, however, stimulation was fol¬ 
lowed by M a strictly localized twitch of the exact part 
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of the pinna that had been touched.” This progressive 
change, according to the definitions offered above, is 
not an alteration in reflexogenDUs zone, but in “motor 
diffusion to specific receptor stimulation,” because at 
all stages the same receptor area was stimulated, 

With this distinction in view we may now turn to 
the question of the shrinking of the zones as develop¬ 
ment progresses. It has been pointed out that in spite 
of great variability it may still be asserted that stimu¬ 
lating any specific sensory area in a series of progres¬ 
sive fetal ages characteristically releases what may be 
considered as a pattern of response, Thus, instead of 
holding that the "zone" which releases an extension of 
the digits of the fore paw at 46 days includes the whole 
cutaneous area of the leg and then in later stages 
shrinks to the palmar surface of the paw, it may be 
equally true, and possibly more satisfactory, to con¬ 
sider the characteristic behavior pattern released by 
each of these points at various ages, Thus, when the 
cutaneous area of the fore leg is considered, digit flex¬ 
ion, as part of a general pattern of limb flexion, may 
be present at one stage and not at another, but when it 
is present it may well be considered to be an aspect of 
the general pattern of limb flexion and not a mere 
spreading of the reflexogenous zone of the plantar sur¬ 
face. The clinical significance of the responses re¬ 
leased by plantar stimulation and the stimuli involved 
in the release of sucking responses have led ail acts 
which include toe movements or month movements to 
be interpreted in relation to the sole of the foot or the 
lip zone. In the present study different areas were 
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studied without giving especial weight to any one area. 
As a result of this form of investigation, it seems that 
many of the alleged changes in reflexogenous zones are 
seen to be alterations in wlnit has been defined above 
as motor diffusion to specific receptor stimulation, 

The importance of this distinction is made especially 
clear when the responses released by stimulation of 
specific mucous-membrane areas are considered, be¬ 
cause, as the study of the protocols given above will 
show, these areas seem to lead to much less variable 
response, (luring the changes of fetal life, than do other 
areas. 

The facts of the present study interpreted in the light 
of the paragraphs just given suggest that the idea of 
the shrinking of the reflexogenous zone as a function of 
development is not a universal description of sensory 
change in fetal life. This "shrinking” is, rather, a 
description of significance only when it is in the first 
place clearly defined, and, secondly, when the facts 
upon which the conclusions, in any given case, are 
based represent a controlled series of observations and 
not merely an incidental observation or two. 

18. The present study does nol confirm in detail 
the specific latvs oj development, alleging that develop¬ 
ment is in all respects cephalocaudal, proximo-distal, 
or from f, {undaincntal n lo "accessory 0 muscles. There 
are certain alleged gcnernl laws of the development of 
behavior, of which the most commonly stated are: («) 
Ail development begins in the head region and follows 
temporally a ccphalo-cimdal course, (/>) All develop¬ 
ment of behavior temporally follows a proximo-distal 



BEHAVIOR IN THE PRENATAL GUINEA-PIG 


441 


course "in the free appendages." (c) All development 
of behavior temporally is from the activity of "funda¬ 
mental” muscles to "accessory” muscles. These three 
"laws” are primarily concerned with the development 
of function on the motor side and will, therefore, be 
dealt with in subsequent papers which are concerned 
explicitly with the general development of effector 
action in the fetal guinea-pig, 

The observations of the present study present enough 
unambiguous facts to make clear the reasons for the 
origin of belief in these generalizations, but so many 
exceptions to them also are seen to occur that their 
value as "laws” or as explanatory principles is thrown 
into question. Mucous-membrane areas, areas with 
particular sensory function, and those which are espe¬ 
cially motile in adult life, as well as certain other spe¬ 
cial areas, seem to become sensitive first in the develop¬ 
ing fetal guinea-pig, as the protocols and summaries 
given above demonstrate. Certain of these laws have 
recently been questioned by Pratt (71) and McGraw 

( 61 >- 

19, It is possible to view most of the typical pat¬ 
terns of behavior released by the stimulation of given 
areas as capable of securing some end or ends, which 
during fetal life itself or during subsequent indepen¬ 
dent life may serve adaptive needs of the organism. 
This is not true of all behavior, but it is true of so much 
behavior that it deserves special treatment here. It 
should be emphasized that a consideration of end or 
purpose in this sense does not, of course, imply what 
seems to the writer to be the truly preposterous notion 
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that the purpose of a response, as it is apparent to the 
external observer, is in any sense concerned in the 
mechanism which makes this response possible. In 
spite of the writings of certain modern ideologists of 
various shades of depravity it still seems scientifically 
true to assert unequivocally that purpose is functionally 
unrelated to mechanism, This is, of course, not to say 
that phylogenetic and ontogenetic processes which 
have been involved in the development of the mechan¬ 
isms of the organism in question are not such as to 
make of the organism an animal which, when placed in 
a given environment, will respond adaptively. Adap¬ 
tive responses, occurring at least frequently enough to 
further the life processes of the organism and thus lead¬ 
ing to survival rather than to malndnptation and death, 
arc certainly to he considered as characteristic of every 
species that survives. Therefore such responses must 
in a measure be possessed by every surviving individual 
of a surviving species. As Sherrington says, “In the 
light of the Darwinian theory every rctlex musl he pur¬ 
posive” (81). 

It is possible in this sense to consider most of the 
typical responses of the fetus as adaptive. This is true 
whether the behavior released by stimulating a specific 
area is characterized as a pattern of behavior or as a 
reflex. It is also possible to view these individual com- 
penents of behavior as essential aspects or preliminary 
stages in the adaptive behavior of the total animal when 
in the late stages of fetal life, or after birth, the organ¬ 
ism comes more and more adequately and successfully 
to carry on, in a world of complex stimuli, the life 
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processes of a normal and even in a sense “socialized” 
adult animal. 

As the present writer and others have previously 
pointed out, any classification of teleological activities 
is one of convenience only (11). Thus, the list of ac¬ 
tivities given below could be altered according to the 
system of classification which the classifier might elect 
to employ. To illustrate this fact an example may be 
given. Behavior characteristics which are mechanisti¬ 
cally unitary may with equal propriety be considered 
as components of a number of quite diverse adaptive 
acts, Jaw movement may be thought of as important 
in both feeding and defense reactions. The outline of 
purposeful acts given below, therefore, is not intended 
to be complete or finally valid in any sense, but it is 
presented merely to illustrate the way in which the 
mechanistically determined acts of the organism may 
be classified by cataloguing a series of value judgments 
made by an external observer. Subject to the qualifica¬ 
tions just given, the following classes and examples of 
behavior acts may be presented in relation to their ap¬ 
parent purpose in the life of the organism, 

a. Behavior acts during fetal life involved in the 
protection, focusing, and use of receptor organs . 

1) Activity of the vibrissae. A number of 
investigators have demonstrated the importance of the 
vibrissae in the adaptive behavior of mammals, and 
especially of rodents. This evidence has been sum¬ 
marized by Vincent (94). She says that these hairs, 
due to their generous nerve supply, the leverage by 
which they magnify tactile stimuli, and the in- 
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dependent local muscle apparatus by means of which 
they may be made Co vibrate continually, constitute an 
apparatus which is capable of performing many sen¬ 
sory functions: (a) They perform functions as dis¬ 
tance receptors because they extend well beyond the 
body surface. ( b ) They continually sweep the surface 
before the animal during forward progression and con¬ 
sequently they arc important guides in locomotion, and, 
as Vincent has especially demonstrated, they play a 
part in the maintenance of equilibrium and in the dis¬ 
crimination of the character of surfaces, (c) Failure 
of stimulation of the vibrissac during forward locomo¬ 
tion elicits violent avoidance reflexes which serve to 
stop the animal in its forward course. The vibrissae 
thus warn the animal that it is approaching a possible 
change of elevation and, as the external observer notes, 
the animal is thus protected from falling. Concerning 
the function of the vibrissac in the cat, sec Schmid- 
berger (80). 

As noted in the protocols, stimulation of the vibris- 
sal areas (2 and 3 of the chart) as early as 32 days 
leads to neck movements and fore-limb movements 
which soon come to be of a sort which may be con¬ 
sidered as protective; that is, these movements, as such, 
tend to remove noxious stimuli from this area. It is 
interesting to note that there is apparently a correlation 
between the appearance of the vibrissac on the surface 
of the skin and the onset of behavior released by the 
stimulation of this area. In a publication appearing 
since the experiments reported in this paper were done, 
Harman and Dobrovolny report that vibrissac first ap- 
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pear on the surface in the 32d day (38), This is exactly 
the same day when in our experiments responses were 
first released by stimulating this area, In the course of 
this activity much self-stimulation of the receptor area 
itself is effected, Such self-stimulation of the area on 
each side by the homolateral fore paw has also been 
observed in the course of this investigation during 
“spontaneous” behavior at many age levels. At 38 days 
local corrugations of the skin of the pad begin. The 
muscle responses which make this corrugation possible 
are the same which later vibrate the individual vibris- 
sae. From the time that this corrugation appears, 
stimulation of this region, or of the distal ends of the 
growing vibrissal hairs, or often of adjoining head 
regions, usually causes a corrugation of the skin in this 
sharply localized area. Hence, long before birth any 
touch stimulus in the head region may often effect an 
increased vibration and thus bring about what have 
been called the “tappings of the blindman’s cane of the 
rodent,” This response is such that further specific 
stimulation may be effective in providing a clue which 
may later be used in the adaptive performance of acts 
concerned with alimentation, locomotion, reproduc¬ 
tion, and the other processes listed below. The twitch 
of vibrissal hairs to stimulation may be characterized as 
a local reflex, and yet the study of the development of 
this reflex given in the protocols presented above shows 
that this “reflex” was in its inception a component part 
of the primary behavior pattern involving especially 
neck and fore-limb movements. Moreover, at any time 
during fetal life, and indeed after birth, this whole 
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pattern, and not only the local reflex, can be called- 
our by appropriately stimulating this urea. It is ap¬ 
parently also true that, as the so-called enccphalization 
of function becomes increasingly complete in late fetal 
and early neonatal life, stimulation of this area more 
and more directs the complex adaptive responses of 
the whole organism. These responses of the total ani¬ 
mal may in some respects be viewed as composed of 
patterns of response previously typically elicited inde¬ 
pendently by other forms of stimulation applied to the 
various specific sensory areas of the body, as tentatively 
suggested above. 

2) Molar reactions of the visual apparatus, 
Evidence has been secured in this study in regard to 
(<?) eyeball response, [b) iris response, ( c) eye wink¬ 
ing. No evidence has been secured in regard to lens 
accommodation during the fetal life of the guinea-pig, 
and indeed the evidence on this matter, as Lash ley 
points out, is not clear even in the adult rodent (55). 
These motor eye-reactions may be considered in order: 

d) Eyeball movements. At 35 days the 
stimulation of the closed lid led to what seemed to be 
the pulling back of the eyeball into the orbit, as if all 
of the external eye muscles contracted at once. This 
was again observed at 38 days. At 40 days, when the 
closed eyelids were operatively opened, eyeball move¬ 
ment was certainly present. After operative opening of 
the eyes of fetuses from this time on, eyeball movements 
were generally observed. After 56 days, when the eyes 
were first open naturally, eye movement was very fre¬ 
quently seen. Eyeball movements could he elicited by 
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tactual stimulation of nearby sensory areas, by pos¬ 
tural changes, and thus presumably by neck or 
labyrinthine stimulation, as is typically the case in new¬ 
born and adult cats (32, 30). From 45 days on, eye¬ 
ball movements were observed which seemed to be 
definitely correlated with photic stimulation of the 
retina. It seems significant therefore that approxi¬ 
mately half way through the gestation period, inside 
the dark cavity of the mother, with lids still sealed, a 
neuromuscular mechanism has developed which makes 
eyeball movement possible. Characteristically at first 
these movements are local reflexes which are apparent¬ 
ly related to more general postural changes. Even when 
they can be called out independently they still fre¬ 
quently appear as part of a larger, although still in a 
sense unified, pattern of behavior. It is unnecessary to 
point out in detail that eyeball movements are signifi¬ 
cant in a host of adaptive acts in the adult animal which 
depend upon vision. This is true in the adult guinea- 
pig to some extent, even though the rodent is usually 
considered as rather defective in the specificity of vis¬ 
ually controlled behavior which it displays (94). 

b) Iris responses. The guinea-pig is a poor 
subject for the observation of these responses, The eyes 
are either so unpigmeiited in albino animals that the 
iris is hardly visible, or so deeply pigmented that the 
whole structure seems to be an even black. In this in¬ 
vestigation at 41 and 45 days, however, and at a number 
of subsequent stages the response of the iris to light was 
observed. The iris response was seen to occur only to 
photic stimulation. However, in view of Lashley's find- 
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ings on the comparable eye of the rat (55), that pupil¬ 
lary change can be elicited by pricking the skin, by 
shrill sounds, or by general eye movements, it seems 
possible that the failure to observe such changes in the 
present study was due to unfavorable conditions and 
the fact that a microscope was not used in observing the 
iris when these stimuli were applied. The light stimu¬ 
lus, however, brought about eyeball as well as iris 
movements, and also other skeletal muscle responses. 
The significance of this in terms of what is so often re¬ 
ferred to as a “pure" example of a fixed reflex—the 
ciliary reflex—can be gathered by analogy from the 
development of other specific reflex mechanisms as 
given in greater detail above, 

c) Eye-wink or palpebral reflex, Anatomi¬ 
cal work on the fetal guinea-pig has shown that the 
folds of the eyelid arise on the 24th day and fuse to 
cover the eye on the 29th day (58). Stimulating either 
the upper or the lower of the fused lids at 32 days led 
to an elevation of the homolatcml limb and soon to 
head movements as well. Typically the limb was 
brought up toward the point stimulated, At 35 days 
a wink, that is, a contraction of what seemed to be the 
whole orbicularis palpebrarum muscle of the still un¬ 
opened eye, took place. Head flexion or retraction, 
elevation and brushing of the stimulated part by the 
homolatcral fore leg, a wink of the still closed lids, 
therefore, may be characterized as the behavior pat¬ 
tern which is typically released by stimulation of either 
eyelid. The isolated "palpebral reflex” early comes 
to be independently clicitable, blit until the end of fetal 
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life the typical pattern involving limb and neck muscles 
is often called out by directly stimulating either lid. 
The whole mechanism of this larger pattern may be 
viewed as protective, as may the eye wink itself. It is 
interesting to note in this connection that eye-winks, 
once well established, can at least occasionally be 
elicited by stimulation of many regions far from the 
eye itself. Parenthetically, it may be said that this 
peculiar proneness to release, as shown by certain re¬ 
sponses at certain timeS] is a phenomenon which merits 
special study during fetal life, The scratch reflex at 
certain periods seems almost waiting to be set off by 
a variety of stimuli applied at many different receptor 
points. This "set-for action" is true also of certain 
other responses, such as the pinna reflex. 

Not only pressure, but photic, thermal, and electrical 
stimulation, strong mechanical laceration, and body- 
posture changes provide stimuli which at certain stages 
elicit the palpebral reflex. In the later part of fetal life, 
closing of the open eye on a touch of the cornea was an 
invariable response. The biological utility of the eye- 
wink is obvious and has had many commentators. That 
its mechanism has been so perfected that it may begin 
to function at a very early period of active fetal life 
is significant in evaluating the learning or conditioned- 
reflex theories of the origin of the eye-wink. It is also 
significant for the general thesis of this paper that this 
almost invariable reflex is typically, in early stages 
and, indeed, under the appropriate conditions at all 
stages, part of a larger pattern of behavior. 

3) Ear-muscle responses and audition. Tac- 



450 


l.KONARU CARMICHAEL 


tual stimulation of the concha or of either margin of 
the pinna, as well as many peripheral regions, typical¬ 
ly elicits what is called the pinna, or Preyer's, reflex, 
In our records this is noted as appearing on the 36th 
day. Avery had previously noted it on the 64th day 
(6), Characteristically this response is part of a much 
larger pattern of behavior. It will be remembered that 
the first stimulus-released response recorded in this 
study was the result of stimulating the concha of the 
ear, At 31 days such stimulation led to a movement of 
the fore legs and a bowing of the head. This could be 
seen as part of the typical pattern released by this type 
of stimulation. In later stages great variation was 
noted in the responses elicited by stimulating the ear 
areas numbered IS, 16, and 17 on the Chart of Recep¬ 
tor Areas given above. In some instances the pinna 
was elevated, in some it was adducted to the head. In 
certain cases apparently only the local musculature 
near the spot stimulated responded, in others the larger 
muscles at the base of the car contracted ns if to close 
and protect the concha. Pinna responses of one type 
or another were occasionally released by touch stimuli 
at a distance from the ear. Such responses were also 
elicited at certain ages and under certain conditions 
by photic stimulation of the eye, by a loud sound, by 
temperature stimulation, by electrical stimuli, and by 
needle stimulation. The “purpose" of the pinna re¬ 
sponse in the adaptive behavior of the adult animal 
is in a measure obscure. It certainly is typically elicited 
as part of a general startle response and may possibly 
have some value ns a visual warning signal to other 
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animals. Certain pinna responses may also assist audi¬ 
tion by the raising of what may be called an ear-trum¬ 
pet to catch vibrations and make localizing responses 
of the whole organism to auditory stimuli more pos¬ 
sible. Pinna and concha responses of a stronger sort 
apparently also partially close the external meatus and 
thus, it may be, protect the ear from strong or harmful 
stimuli. This typical reflex, therefore, like those con¬ 
sidered above, is seen to be in its own nature complex 
and to be characteristically associated with more com¬ 
prehensive behavior patterns and also possibly to sub¬ 
serve a variety of uses in the adult organism. 

4) Nostril dilation and contraction and ol¬ 
faction. Tactual stimulation of the nostril, first at 32 
days, released head and fore-paw movements such that, 
even at this early period, the region stimulated was 
brushed by the homolateral paw. Later studies showed 
that it was possible to have the right paw raised by 
stimulating the right nostril, and vice versa. At 46 
days, beside head and trunk reactions, vibrissae pad 
corrugation, and eye-winks, a definite wrinkling of 
the muscles of the snout, including those about 
the nostrils, took place, At 48 days local stimu¬ 
lation led to a sharply localized twitching of 
the nasalis muscle, together with fore-leg elevation. 
From this time on this “local reflex” was a 
typical part of the animal’s behavior when appropri¬ 
ately stimulated. Characteristically, however, it re¬ 
mained a component of the more general pattern 
of response which had preceded it ontogenetically dur¬ 
ing earlier fetal life. In a fetus delivered into air 3 
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days before normal birth and kept alive for several 
weeks, not reported elsewhere in thi9 study, twitellings 
of the nostrils were recorded which seemed to be as¬ 
sociated with olfaction. In this case, however, the 
whole pattern of breathing was involved. The con¬ 
traction and dilation of the nostril may thus be consid¬ 
ered to be a local reflex which is part of a more general 
pattern and one which in later life may be considered 
to be important in regulating olfactory stimuli. 

5) Tongue Movements and gustatory stimula¬ 
tion. Gentle stimulation of the lip by the 37th day 
led to a slight protrusion of the tongue. Typically, 
stimulation of the tongue itself, of the lips or gums, led 
during the early fetal period to head and fore-limb 
movement, and after the 37th day to tongue movements 
associated with lip, jaw, and often to other responses 
of muscles in the head region. In prematurely deliv¬ 
ered fetuses it has been observed that the tongue is em¬ 
ployed in sucking, and in its movement thus facilitates 
the general exposure of the sensory surface which is 
presumably concerned in taste reception. This local 
tongue response is calculated to play its part in the sen¬ 
sory functions involved in tasting, but it is characteris¬ 
tically also part of a much larger behavior pattern 
which is significant in the process of eating, 

6) Changes in body posture, the proprioceptors, 
and the labyrinthine mechanism. During the latter 
part of fetal life, changes in body posture were asso¬ 
ciated with marked tonus changes, including trunk and 
limb movements, As noted above, some of the Mag¬ 
nus reflexes were apparently elicited by appropriate 
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stimulation. In air-delivered fetuses, of 65 days, 
righting reflexes were observed when the animal was 
placed on its back on a flat surface, as previously noted 
by Avery at 60 days (6). Compensatory head and limb 
movements and presumably eye movements occurred 
on rotation. Post-rotational movements were also ob¬ 
served immediately after rotation ceased. Some of 
these reactions may have been due to neck-muscle and 
other forms of proprioceptive and exteroceptive stim¬ 
ulation, but it seems almost certain that a number of 
these reactions may be attributed to vestibular function. 
For an analysis of the part played by the various re¬ 
ceptors in posture see Dusser de Barenne (30). In the 
fetal cat vestibular responses have been demonstrated 
at the 54th day by Fish and Windle (32). In the case 
of the “Magnus reflexes" some examples of rather lo¬ 
calized reactions to this form of stimulation were ap¬ 
parent, but, in general, stimulation of the sort used in 
this study seems to have involved tonus changes and 
contractions in associated muscles in much of the whole 
body. The part that the labyrinthine senses play in 
the adaptive life of the organism need not be em¬ 
phasized here. Unpublished protocols suggest that the 
highly adaptive acts of turning over and of maintain¬ 
ing balance during locomotion are both possible in 
the prematurely delivered fetus, These responses are, 
however, still far from perfect in the normal guinea- 
pig at birth. No observations were made on the air- 
righting reflex which has been studied in the cat by the 
present writer (16). 

7) General cutaneous stimulation and motor 
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responses. The special touch organs associated with 
the vibrissae-hairs have been considered above. In al¬ 
most every pressure stimulus of the many hundreds 
given in this study the reaction may be thought of as 
having a bearing upon cutaneous sensitivity, as also 
may those elicited by deep pressure, temperature, or 
pain stimuli. Typically, the responses to this form cf 
stimulation arc the various behavior patterns noted in 
detail above. A local response which is frequently 
part of the general pattern released by cutaneous stim¬ 
ulation is the corrugation of the musculature under the 
point stimulated. In many cases these responses may 
be called pannicuius carnosus reflexes. Corrugation 
of this sort moves the hair above the area and makes 
stimulation more adequate than it would have been 
otherwise. /Idtent, that is, movements toward, or abs¬ 
ent, that is, movements away from, in Holt's sense (42), 
the touch of the nose or the paws, may also he regarded 
in this manner. Typically, the ability of the organism 
to localize by local sub-cutaneous muscle contractions 
or by limb movements the portion of the skin that has 
been stimulated may be seen to be a function which 
provides a protective mechanism for removing noxious 
stimuli. The protocols given above indicate that such 
stimulation often involves very specific and also quite 
elaborate patterns of response. These responses are 
obviously valuable to the organism in removing insect 
parasites and in effectively dealing with noxious stim¬ 
uli of various sorts. It is quite possible that this be¬ 
havior is significant in building up the animal’s gen¬ 
eral ability to deal with stimuli in a spatial framework 
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("space perception”). This possibility has been con¬ 
sidered in some detail in a previous paper by E. T. 
Raney and the writer (77). 

A review of the seven points given above shows that 
in relation to the principal senses there are certain 
characteristic "reflexes” concerned in the proper func¬ 
tioning of the receptor mechanisms in question. These 
reflexes are themselves usually seen to be parts of larger 
but still specific patterns of response. In many in¬ 
stances these responses have been shown to arise early 
in motile fetal life and seem too specific and too im¬ 
mediate to have resulted from previous fetal “exper¬ 
ience,” especially since evidence for such exercise is 
nowhere available. These patterns of response are 
possibly best thought of in each case as reactions deter¬ 
mined by specific stimulation of a neuromuscular 
mechanism which is constructed as it is at the time. 
The fine and gross anatomical changes of the neuromus¬ 
cular mechanisms which result from, or rather are the 
inner dynamic processes of, morphological growth 
(“maturation”) produce a mechanism which suddenly 
or gradually becomes capable of entirely new activities 
when appropriately aroused, In another place the 
author has considered what some of these mechanisti¬ 
cally determined factors of inner growth may be and 
has attempted to show that they are meaningless if con¬ 
sidered as independent of an environment (15). For 
an important reference in regard to the relationship 
between the work of Spemann and that of the concept 
of “physiological gradient” as a determiner of develop¬ 
ment in the sense considered here, see Child (17). 
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We may now lurn to consider, maintaining our 
purely pragmatic teleological point of view, how the 
sense-organ responses just discussed, together with 
other patterns of behavior, come to play a part in what 
may be called the major life functions of the organism, 
b. Behavior arts concerned tit alimentation. Dur¬ 
ing fetal life the elements of the sucking reaction and 
the biting reaction develop. The patterns involved in 
these responses include head, lip, gum, jaw, and tongue 
movements. In most fetal organisms the onset of the 
feeding reaction is thought of as the onset of sucking, 
but in the guinea-pig, because of the presence of well- 
developed teeth in the fetal period, certain of these 
early movements may be characterized rather as biting 
than as sucking reactions. Beside these local reactions 
concerned in feeding, all of the motor mechanisms as¬ 
sociated with the special organs of the cxtcroccptors, 
all of the mechanisms of locomotion, and indeed, in¬ 
directly, almost all of the act9 of the organism, may 
be considered to subserve the essential end of securing, 
ingesting, and digesting food. If this general view of 
the development of the feeding reaction be taken, it 
is obvious that, from the first responses of the fetus, 
patterns of response are present which will later play 
a part in this complex adult reaction. The detailed 
protocols given above indicate the temporal stages at 
which the special responses of lips, tongue, jaw, head, 
and trunk first become apparent. The development 
of the feeding reaction in the guinea-pig is comparable 
in almost every respect, except the specific age at first 
appearance, to the development of the sucking reac- 
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tion in the fetal cat as described by Windle and 
Griffin (100). 

c. Activities of the fetus which are significant in 
ike development of the mechanism of air breathing . 
Many years ago Ahlfeld pointed out the significance 
of so-called "premature breathing movements" in or¬ 
ganisms whose oxygen supply was still provided by 
placental circulation (1). The present writer has re¬ 
viewed something of the history and development of 
the knowledge of this reaction and the speculation in 
regard to its function in fetal life (IS), In the pres¬ 
ent study some cases of such movements were observed. 
Sometimes these movements arose “spontaneously" and 
sometimes as the result of external stimulation. As an 
example of the stimulus-aroused movements one may 
cite the rhythmic chest movements which were set off 
by a touch of area 36 (the abdomen) in a 41-day fetus. 
The stimuli which are necessary to initiate breathing 
movements when placental circulation has been dis¬ 
continued have been studied (44). The work of Av¬ 
ery indicates that breathing sufficient to provide oxy¬ 
gen for the life processes of the fetus of the guinea-pig 
appears on the 52nd day (6), Jf exercise be conceded 
as advantageous in the preparation of a mechanism for 
effective function, then the utility of these Ahlfeld 
movements must be obvious, That they may play a 
part in fetal life as a sort of “auxiliary pump" to the 
fetal heart has also been suggested by Walz (95). 

d. Responses of the organism concerned with ex¬ 
cretion. In the present study stimulation of the areas 
of the anus (No. 28) and of the external genitals (No. 
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64) led to a complicated pattern of response which 
seemed most obviously protective, but which in certain 
instances definitely involved local and sometimes 
rhythmic movements of the sphincter muscles. The 
importance of sphincter control in the adult organism 
is sufficient evidence of the significance of the onset of 
this reaction in fetal life, More detailed study like 
that of Yanasc (104, 105) on fetal digestive processes 
would doubtless show many oilier fetal activities which 
could be viewed as preparatory for the function of ex¬ 
cretion. 

c. Activities of the organism concerned in loco¬ 
motion. In its most complex form in the adult organ¬ 
ism, locomotion may be thought of as involving, in 
some way, almost all of the motor and sensory mech¬ 
anisms of the organism and in serving, at least in a 
subsidiary way, as a means by which most of the 
organism's important life acts are performed. As Hin- 
sey, Ranson, and MeNnttin have shown, its central- 
nervous-system mechanism is also most complex (41). 
Contrasted to the almost adult form of the guinea-pig 
at birth is the early fetal condition of the opossum when 
it is born (40). But even in the opossum the mech¬ 
anisms of air-breathing, locomotion, and food-taking 
have developed. Thus, locomotion, like mechanisms 
for air and food intake, seems to be in most lower mam¬ 
mals a process which must be effective at birth. With¬ 
out locomotion it is impossible for newborn organisms 
to find the mother or the protective pouch and thus to 
secure food and protection, save in the cases where 
complete maternal care is provided. 



BEHAVIOR IN THE PRENATAL GUINEA-PIG 


459 


Coghill (19) has studied and admirably analyzed 
the origin of aquatic and terrestrial locomotion in 
Amblystoma. He has shown the correlation between 
the growth of locomotion-behavior and the neural 
mechanisms upon which it depends. Much of this 
analysis may be suggestively applied to the study of the 
development of locomotion in other fetal organisms, 
as Coghill himself has suggested (18). "Windle and 
Griffin have given the results of their own studies and 
summarized the literature on this subject (100). In 
an analysis of the onset and development of locomotor 
activity Coghill's two headings of aquatic and terres¬ 
trial locomotion may be used as starting points. Dur¬ 
ing the whole of prenatal life the mammalian fetus is, 
of course, an aquatic animal. In the fetuses studied 
in this investigation, long before birth, trunk and limb 
movements were often performed so that the fetus was 
propelled through the bath as far as the attachment of 
the umbilical cord would allow. It can thus be said 
without doubt that coordinated movements, making 
effective aquatic locomotion possible, develop well be¬ 
fore birth in the fetus of the guinea-pig. In later fetal 
stages, when the cord was ligated and cut and breath¬ 
ing successfully initiated, terrestrial locomotion was 
seen to be possible before the period of normal birth. 
Avery, whose technique emphasized the study of air- 
breathing fetuses, saw well organized locomotion on 
the 63rd day (6), In order, however, to consider the 
developmental onset of locomotion, either aquatic or 
terrestrial, one must go back to the earliest observed 
movements of the fetus. Neck flexion and fore-limb 
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movcmcnt appear in our study at 31 days, and both of 
these responses are involved in .locomotion. In the 
protocols summarized above, reference is made to the 
onset of independent llcxion and extension in the limbs, 
and to the beginning of the “crossed extension” re¬ 
sponses which result from independent stimulation of 
either fore or hind limbs. Reference is also made to 
the beginning of “trot" or “paddling" movements, in 
which the fore limbs alone, the hind limbs alone, or 
all four limbs together, cooperate in what is sometimes 
a relatively coordinated form of behavior. Head and 
trunk flexion and extension are also involved in both 
swimming anti walking. In the guinea-pig fetus the 
rhythmic activity and the maintained tonus necessary 
for coordinated swimming are present some time be¬ 
fore terrestrial walking becomes possible. The fail¬ 
ure of land walking after what seems to be the devel¬ 
opment of its essential mechanism is probably due to 
the buoyancy of the organism in liquid, In the natur¬ 
ally-born, full-term guinea-pig it is obvious that the 
fore legs arc more functionally effective than the hind 
legs. This does not mean that coordinated rhythmic 
activities arc neurologicnlly impossible in the hind 
limbs at that time, because at a period previous to this 
they have shown, in organisms in which placental cir¬ 
culation was maintained, and which responded under 
water, true coordinated “trot" responses. When re¬ 
sponding in air, however, the weight of the body which 
must be supported is too much for the strength of the 
limb muscles. This observation may be considered as 
but one example of the fact that much apparent in- 
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coordination and so-called "mass activity” of the neo¬ 
natal mammal may be, an indication rather of muscular 
weakness than of an undifferentiated, "unmaturated” 
nervous system. In conclusion, in regard to locomo¬ 
tion it seems that one can say that swimming and walk¬ 
ing in the fetal guinea-pig are dependent upon a mech¬ 
anism which, structurally, at least in its larger outlines, 
is ready for action before there is any likelihood that 
the organism will be in a position to carry on terres¬ 
trial locomotion or before swimming would have any 
obvious biological value for the fetus. It seems to the 
present writer merely a matter of convenience rather 
than of fundamental scientific creed whether one elects 
to view -the act of walking as an integration of a series 
of still partially independent behavior patterns, or 
whether the subordinate patterns involved in neonatal 
and fully adaptive locomotion are to be thought of 
teleologically as a single pattern. In any case, it seems 
obvious that dozens of detailed responses such as ex¬ 
tensor thrusts of isolated limbs, digit flexions, and trunk 
extension may be separated from this total pattern and 
intelligibly, if not completely, dealt with as independ¬ 
ent entities. That successful land locomotion does not 
come into being genetically as a complete totality 
which is in every sense prior to its constituent elemen¬ 
tary patterns is, it seems to the writer, demonstrated 
in the protocols given above and in many others which 
are not published here. 

/. Defense and struggle reactions. These names 
are used as a traditional, teleological classification un¬ 
der which a large number of the activities of an animal 
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may be classified. Babirtski (7) is, of course, notable 
as one who has dealt in detail with reactions under 
this heading. Among other neurologists who have 
used this means of characterizing behavior may be 
mentioned Granger and GnJiz as reported by Luciani 
(59), Sherrington (81), Riddoch (79), and Pavlov 
(68, 69). Such activities as kicking, struggling, bit¬ 
ing, pushing away the stimulating object, withdraw¬ 
ing from the stimulating object, turning aside, con¬ 
tracting into something like a ball, sudden muscular 
quiescence and tonic immobility (“death feigning" or 
the “still reaction"), shrill vocalization and other ex¬ 
pressive movements, cxtcroceptively initiated locomo¬ 
tion, paw movements, panniculus carnosus responses, 
the sense-organ protective reflexes noted above, and 
many other activities, may be included under the clas¬ 
sification of defensive acts. Responses over this wide 
range, it will be obvious, arc not unitary, mechanisti¬ 
cally dcscribablc behavior patterns, but involve in 
their accomplishment almost every pattern of response 
of which the organism is capable under some given set 
of circumstances. Thus, biting is serviceable both as 
an act of alimentation and as defense; extension of the 
leg is serviceable in approach and in kicking. The 
effectiveness of almost all of the patterns of response 
of the animal in serving in some way a protective need, 
even during fetal life, is interesting in view of the fact 
that, as the evidence given in the protocols above shows, 
the “noci-ccptive system" of Sherrington does not 9cem 
especially well developed in fetal life. It is basically 
impossible to give any general mechanistic description 
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of the conditions under which activities subserving the 
end of “defense" are released, These responses, there¬ 
fore, instead of being considered to possess certain char¬ 
acteristics because they are defense reactions, are prob¬ 
ably best thought of as a series of mechanistically quite 
distinct reactions which are only grouped together for 
the convenience of the observing scientist and are really 
a result of a series of value decisions on the part of the 
one who makes the judgments. At certain levels a 
classification of this sort is, of course, admissible. 

g. Sex behavior. During fetal life, none of the 
specific aspects of sex behavior have made their ap¬ 
pearance. It is true, however, that the guinea-pig, in 
relation to most other mammals, is sexually precocious. 
During fetal life, moreover, some of the essential gen¬ 
eral behavioral responses characteristic of the repro¬ 
ductive act have appeared. These reactions include 
patterns of response in the rump musculature and in¬ 
deed in the muscles surrounding the external genital 
organs. The onset of fore-limb movements, trunk 
responses, and phonation which are concerned in cer¬ 
tain patterns in the adult sex act also appear during 
fetal life. Thus, it can definitely be said that during 
the prenatal period many responses which will later 
be constituent elements of coordinated sex acts have 
made their appearance. 

h. Expression and the onset of "emotional” be¬ 
havior. The somewhat unfortunate term “expression" 
is still rather generally applied in psychology to those 
activities of an organism which are considered to be 
signs of a more general physiological or psychological 
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state in the animal in question. Often such expressive 
responses are thought of as important in social stimu¬ 
lation and response and in communication. During 
normal fetal life one can see the motor onset of various 
forms of expressive behavior, although little that can 
yet be truly called expressive, if the social criterion be 
accepted. The only example of social stimulation which 
the writer has seen in normal fetal life was in a prepa¬ 
ration in which one of two or more quiescent fetuses, 
still in the unopened uterus, became active and by this 
activity directly stimulated the contiguous fetus so that 
it'too became active. Essential patterns of emotional 
expressive behavior, such as baring of teeth, sudden 
quiescence, erection of hair, and phonation have all 
been observed in the present investigation during the 
fetal period. No integrated general pattern of response 
that can be safely characterized as emotional, however, 
has been seen in the fetus. But each response which 
would be involved in a total emotional response of 
fear, anger, or sex excitement, as described by Darwin 
(24), and more recently by Dumas (29), Landis (S3), 
and others, is apparent in the fetal period. These 
responses include limb, paw, body, jaw, lip, nostril, 
pinna, and pili-erector reactions. 

i. Adaptive responses of the total organism in the 
Utter part of fetal life. The various subordinate pat¬ 
terns of adaptive behavior just outlined may sometimes 
be viewed as components of the total integrated beha¬ 
vioral adaptation of the organism to its environment, 
as indicated in Type II of Stage E of Conclusion 10 
above. Some of the components just outlined may be 
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considered by the external observer who knows what 
animals do as adults as “preparatory," although ob¬ 
viously when such responses appear in fetal life they 
are functions of present stimulation and of the struc¬ 
ture of the organism as it is at that time. 

In fetal life, also, certain complexes of acts already 
take on a "purposeful" appearance which might be 
attributed by the untrained or vitalistically biased ob¬ 
server to the “will” or “desire” of the fetus. For ex^ 
ample, sometimes after cutaneous stimulation, when a 
series of brushing movements by the paws has failed 
to eliminate the stimulus, responses of trunk and limbs 
take place such that the whole fetus swims rapidly 
away from the stimulus as far as the attachment of 
the cord makes mechanically possible. By some ob¬ 
servers this action would certainly be characterized as 
purposeful-avoidance behavior which involved the 
“docility" (Tolman, 92) of the whole integrated or¬ 
ganism and not as a mere series of patterns of responses 
released by specific stimuli. If the mechanistic analy¬ 
sis of the subordinate patterns of this response, which 
has been offered above, be remembered, however, it 
seems not unsatisfactory to consider even this typical 
total “teleological act” of the integrated organism in 
terms of an elaborate temporal sequence of stimulus- 
released behavior acts, These acts, of course, depend 
on elaborate conditions for their appearance. Work 
on the facilitation and inhibition of spinal reflexes sug¬ 
gests something of the phenomena which may be found 
eventually to be basic to alterations of behavior in in¬ 
tact organisms of the sort described. Whatever the 
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ultimate neural explanation of the apparently “adap¬ 
tive" and “purposeful" acts of the newborn guinea- 
pig, it seems sure, however, that these acts need not be 
considered from all points of view as novel. Neverthe¬ 
less, if the behavioral criteria of “purpose" be ac¬ 
cepted as scientifically satisfactory (which, it may be 
said parenthetically, as explained above, the present 
writer does not wish to do), there seems no reason why 
“purpose" should not he attributed to the total inte¬ 
grated behavior of the fetus during the latter part of 
the gestation period as well as to the young animal after 
birth. 

20. The present study does not (jive unqualified 
support io any of the wore general theories of the de¬ 
velopment of behavior, such as those summarized by 
the •words "individuation** or "integration," but sug¬ 
gests rather that the formulation of such generaliza¬ 
tions is at present premature. Ill a recent paper the 
writer has attempted to review and criticize the theo¬ 
retical interpretations of the development of behavior 
with appropriate bibliographical citations (15), From 
a somewhat different point of view another interpreta¬ 
tion of the status of theory in this field has been pre¬ 
sented even more recently in an admirable article by 
Pratt (72). In this paper, therefore, only most brief 
and general reference will be made to theories of the 
development of behavior. 

If, for the sake of brevity, we omit qualifying 
phrases, it may be said that two views in regard to the 
nature of the development of behavior have found sup¬ 
porters in recent years. Two theories of the way in 
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which this development takes place have also been ad¬ 
vocated, 

The nature of the development of behavior is held to 
be either (a) the increasing specification of behavior 
which was previously more general [Cf. Coghill (18), 
Angulo y Gonzalez (3), Wheeler and Perkins (97), 
Ogden and Freeman (66), Irwin (46, 47, 48)], ° r w 
the increasing integration or organization of previously 
rather discrete elements into new complexes of adap¬ 
tive behavior [Cf. Watson (96), Pavlov (70), and 
Minkowski (62) as writers who at least in part advo¬ 
cate this view]. The two theories of the development 
of behavior -which have been sometimes applied to in¬ 
dividuation 0 and sometimes to integration are (a) the 
maturation of structures and functions which are 
fundamental to behavior as a result of hereditary de¬ 
terminers, and (6) the environmental conditioning or 
modification of the structures and functions upon which 
behavior depends. It would be possible by specific 
quotation to show that some modern students of the 
development of behavior emphasize each one of the 
following four positions: (1) Behavior develops by 
individuation brought about by maturation. (2) Be- 

°In regard to the use of the terms individuation and specification 
by Coghill the following quotation is relevant. "Individuation . . . 
is not the equivalent of specialization or specification. From the 
point of view of the organism specialization and specification look 
outward, They have to do with the adaptation of a part of the 
organism to a particular function, or relation to the environment, 
Individuation, on the other hand, looks inward, It is a process by 
or through which a part of the organism acquires a particular rela¬ 
tion to or within the organism itself" (20). 
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havior develops by integration and .organization 
brought about by maturation. (3) Behavior develops by 
individuation brought about by environmental action, 
(4) Behavior develops by integration and organiza¬ 
tion brought about by environmental action. Inter¬ 
mediate and combination views involving the four po¬ 
sitions just given have also been held. 

The results of the present investigation, it seems, can 
not be subsumed under any one of the positions just 
listed. 

A study of the protocols and the conclusions given 
above shows that the course of development of adap¬ 
tive behavior, as it is released by the stimulation of 
definitely located receptor areas in a series of increasing 
temporal stages during fetal life, is in some measure 
specific for each area studied. Without extending the 
concepts of integration or individuation until they lack 
all precise or valuable meaning it does not seem possi¬ 
ble to include all of the observations concerning the 
development of particular behavior systems under any 
one such heading. For example, the view of indi¬ 
viduation as given in the following quotation from Ir¬ 
win has not always been substantiated in the present 
investigation, although cases can be found which might 
be considered to exemplify it. 

. . . patterns differentiate from a primitive general 
matrix of behavior called mass activity. Mass activity 
is at its maximum during the first fetal months nnd dur¬ 
ing uterine existence the differentiation of activity into 
patterns is under way (48), 

Indeed, in criticism of this view it may be said that 
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the first (“spontaneous") responses of the organism, 
which took place before any responses could be elicited 
by exteroceptive stimulation, were quite specific. These 
movements involved responses of the muscles of the 
cephalic end of the trunk and of the fore limb. The 
first stimulus-aroused activities, likewise, were not 
“general" but were, on the contrary, quite precise. As 
fetal development progressed, however, and as other 
neuro-muscular mechanisms became active, complex 
responses appeared which, as a whole, might be called 
“mass-activity.” The author has hundreds of feet of 
motion-picture records of such responses. As noted 
over and over again in this paper, nevertheless, the 
responses released by stimulating particular areas at 
each stage seem to be such that they may be character¬ 
ized, at least loosely, as special “behavior patterns.” 
In the case of “spontaneous behavior” which appears 
after many specific patterns have been established, the 
exciting stimulus is often, it seems, internal to the or¬ 
ganism. It is thus conceivable that much of the ap¬ 
parently “random” mass-activity of the fetus (but not 
the initial responses of the fetus) is a function of in¬ 
ternal stimulation which has not yet come to lead to 
specific responses. Moreover, when activity of so 
complex a nature that it may be called mass-activity is 
aroused by experimentally applied exteroceptive stimu¬ 
lation, such activity is usually secondary to the initial 
release of the more specific behavior pattern ordinarily 
associated with the receptor area that has been stimu¬ 
lated, An answer may be given that the apparently 
exteroccptivcly released “generalized" behavior of the 
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organism is possibly a function of the proprioceptive 
or other internal stimulation which itself results from 
the relatively specific response initially made to the 
exteroceptive stimulus. Thus, very early, and very 
late as well, in fetal life, anti indeed in neonatal and 
adult life, strong stimulation or stimulation syn¬ 
chronously affecting n large number of exteroceptive; 
areas or general interoceptive stimulation may produce 
such complex behavior that it is difficult to analyze it. 
Even when analyzed with the aid of a motion-picture 
record such response often seems in fact to justify the 
term “mass-activity," For an excellent analysis of 
other meanings of mass-activity sec Pratt (72), But 
controlled exteroceptive stimulation of the sort used 
in this investigation seems to lead throughout the whole 
series of fetal stages, in relation to the stimulation of 
each specific receptor zone, to what may be considered 
as a special, although very variable, pattern of behavior. 
These patterns of response, taken as a whole, arc at 
times obscured by other simultaneously aroused activi¬ 
ties which arc sometimes so general in the number of 
behavior mechanisms involved that they merit the term 
"mass-activity," 

It is, of course, possible to say that in specific re¬ 
sponses the behavior of the whole organism is “im¬ 
plicit/’ as some of those who hold what is called the 
“organismic view" assert (47). In a sense such a 
statement is true. Concerning a response which arises 
after a previous response, it may be said, for example, 
that the second response involves “the further extension 
of the total pattern into the appendages" (19). If the 
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neck alone flexes, it does always nevertheless bend up¬ 
on the trunk, and so the trunk may be said to be in¬ 
volved in this neck flexion, In the true "C" reaction, 
which in many fetuses seems temporally to follow this 
first neck flexion, the same “totality” of pattern is even 
more obvious, In many fetuses, however, by the time 
this reaction is perfected, or even before it has ap¬ 
peared, other special patterns, such as independent fore- 
limb reflexes, have developed, It almost seems that 
it can be said without too much injustice that such 
responses may simply be described as they appear, or 
they may be called “an extension" of something else, 
depending upon whether one wishes to record an ob¬ 
servation or develop a theory, In evaluating the ref¬ 
erences that have been made to mass-activity, especially 
by Minkowski and other students, who have observed 
fetuses that have been removed from placental circula¬ 
tion, the special effects of this abnormal condition 
should not be overlooked. Progressive asphyxiation in 
fetal as well as in adult animals not only leads to an 
alteration of thresholds, but, in certain instances, the 
accumulation of metabolites so affects the central 
nervous system that the general response of many mus¬ 
cle groups characteristic of “writhing" appears. Min¬ 
kowski has discussed this abnormal phenomenon at 
length (64), and certainly observations made under 
progressive asphyxiation cannot be compared to ob¬ 
servations made under the relatively normal conditions 
of the present experiment. For a further criticism of 
the concept of mass-activity, see Dennis (26). 

Instead of always beginning in mass-activity, out of 
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which by individuation and specification the organism 
acquires the capacity to use its various appendages and 
muscle mechanisms independently and adaptively, it 
seems rather that each specific receptor zone of the or¬ 
ganism tends from the first, when stimulated, to re¬ 
lease a recognizably specific, but variable, pattern of 
behavior, Probably ultimately a statistical statement 
of the exact frequency of released patterns from speci¬ 
fic stimulation must be given, as Pratt has done in his 
recent study of the plantar response (73, 7+) and as 
Gesell and his collaborators (36, 37), Shirley, and 
many others have done for human neonatal behavior 
(82). 

In the opinion of the author, the fact that random 
activity cannot be demonstrated to precede all specific 
behavior acts does not mean that by some sort of mys¬ 
tical hereditary maturation these specific responses un¬ 
fold to meet some future need of the organism, as the 
old natlvistic theory would have it, Nor are they *‘in- 
stincts ,) in the old mystical sense. Rather the facts 
seem to point to the view that, in the complex interac¬ 
tions between the cells and organ systems of the grow¬ 
ing individual, factors external as well as internal to 
the changing systems must be given if a complete story 
of development is to be presented. As a result of a 
rigid series of mechanistic determinants which arc only 
now being unraveled by students of developmental 
mechanics, a reccptor-neuro-muscular mechanism 
which may work more or less effectively when it is 
first activated as a total arc is produced (cf, 9B, 99, 
102, 67). In previous papers the author has consul- 
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ered some of the factors intrinsic and extrinsic to the 
developing systems themselves which are involved in 
this process which is often loosely called maturation 
(12, 13, 14). 

It may be said, then, that the facts disclosed in the 
present investigation do not support the absolute "fatal¬ 
istic” or “organismic" view of the development of be¬ 
havior. The growth of behavior cannot always be said 
to involve a simple individuation of previously more 
general behavior. It is interesting to note in this con¬ 
nection that Minkowski, possibly the greatest student 
of human fetal behavior, has said in a personal com¬ 
munication to the writer that in his opinion the totalis- 
tic approach to behavior is as overemphasized in our 
time as the atomistic approach was in the last genera¬ 
tion. 

If we now turn from the extreme organismic view to 
the extreme atomistic view, we again find a theory that 
is not supported by the facts recorded in the present 
study. We arc told, for example, that at birth the 
child “is still a creature of reflexes, although some of 
these reflexes such as the movements of nursing, occur 
in fairly predictable scries" (85). Such statements il¬ 
lustrate what Koffka has called the impossible effort of 
Spencer and his followers to build up an understanding 
of complex adaptive behavior by considering it to in¬ 
volve the integration of specific series of wholly indi¬ 
vidual reflexes (51). Those who hold the integration- 
view in its most radical form often suggest that 
education during prenatal life organizes the adaptive 
responses which are present in the neonate. In the 
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present study no evidence has been secured that con¬ 
ditioning or learning occurs so consistently and 
effectively during fetal life that the adaptive responses 
of the newborn animal may be viewed as the result of 
prenatal experience. 

In a recent publication Holt says: 

In other words, at this moment (in mammals this is 
several weeks prior to birth) a pressure on the cyc-ball 
is just as likely to produce (if it produces anything) a 
twitch of the arm, lunil, leg, or toe as it is to produce r 
movement which in any way refers to the eye. , . . (42) 

Since tliis quotation refers specifically to the stimula¬ 
tion of the eye, the reader may look at the protocols 
above of the responses given to the stimulation of re¬ 
gion JJ. Here it certainly seems that from the onset 
of behavior the responses that appear art in some way 
definitely relevant to the eye. As explained above, it 
is true, there arc possible errors in the experimental ob¬ 
servations recorded. At tins early stage the observa¬ 
tions are based upon comparatively few fetuses. More¬ 
over, it may be suggested that, unknown to the experi¬ 
menter, a sufficient amount of exercise has been 
secured to make this apparently patterned reaction, 
which seems to have been released on truly initial 
stimulation, really a learned response dependent on 
previous fetal activity. But this last hypothesis seems 
unlikely, This is true especially in view of the fact 
that when the concha alone, of all receptive areas, was 
sensitive its stimulation released a pattern of response. 
This early pattern of response, because of mechanical 
difficulties, such as the shortness of the legs and the 
like, was not fully effective, but was nevertheless in 
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outline, as it were, the same movement pattern typical 
of the adaptive response to be produced in later fetuses 
from this same sort of stimulation. As suggested in the 
criticism of the view of mass-activity, the discovery of 
early specific patterns of behavior, as demonstrated 
in this investigation, is not to be taken as a ground for 
a retreat into mysticism or for the apotheosis of a crude 
preformist view of hereditary maturation. Holt him¬ 
self, in explaining the education of sensory surfaces, 
assumes the bony make-up of the jointed limbs as some¬ 
thing given a priori which is fundamental in determin¬ 
ing the nature of first responses. The results of the 
present study seem to make it necessary, likewise, to 
assume that ontogenetic factors comparable to those 
which produce a “patterned” skeleton also produce to 
some extent, at least, a “patterned” nervous system, 
ready to work, although often crudely, in a particular 
way when it is first functionally activated as a total 
arc. Similar inner structural changes of growth may 
bring about changes in function at a later period which 
are not dependent upon previous “total function,” at 
least in all respects. As suggested above, however, what 
is now known of the developmental mechanics of the 
embryo indicates that heredity alone will not explain 
how this mechanism comes to be organized as it is. 
The observations of fetal behavior made in the course 
of this study over and over again confirm the self- 
stimulation of the fetus’ sensory surfaces brought about 
by the fetus’ own responses as discussed by Holt (42). 
Other forms of fetal activity may well play an essential 
role in fetal development, at least at certain periods. 
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One may therefore still hold, if he wishes to do so, 
the essential philosophic truth that each individual is 
at the start of life a tabula rasa. This position may be 
maintained, even though it be understood that natural 
selection, or some other evolutionary agency, has made 
adult male and female guinea-pigs capable of produc¬ 
ing fertilized germ cells of such chromosomal and cyto¬ 
plasmic make-up (hat, given usual environmental con¬ 
ditions for development, they will grow into organisms 
with a series of organized rcccptor-ncuro-motor 
mechanisms; and that these specific arcs arc such that 
when extcroccptively stimulated for the first time they 
are capable of producing patterned responses, These 
first responses, moreover, arc at their onset neither in 
the ordinary sense of the words used “a total reaction 
of the organism" nor arc they "wholly random" In re¬ 
lation to the place stimulated. As development pro¬ 
gresses, these responses change. In this process both 
"individuation" and "integration" arc descriptive 
terms which will characterize particular alterations 
that may be observed to take place, as has been previ¬ 
ously suggested by a number of writers including Min¬ 
kowski (62), Pavlov (70), Anderson and Patrick (2), 
and the writer (15). 

On the side of positive theory it may he said that the 
results of the present investigation emphasize the fact 
that the responses noted at each fetal stage, as they are 
released by the stimulation of special areas, arc most 
surely correctly described if they be treated as a func¬ 
tion of the specific stimulating conditions of the mo¬ 
ment and the physiological and anatomical conditions 
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of the fetal organism as it is at the time of stimulation. 
Thus, any "long-section view” of a behavior pattern, 
that is, the description of a behavior pattern through a 
number of days in fetal life, consists in a notation of 
modifications in specific responses at a series of tem¬ 
porally separate periods -when all possible relevant 
conditions are known and, if possible, quantified, In 
many cases, different details of response, or somewhat 
metaphorically, modifications of behavior patterns, 
when so recorded, are found in the fetal guinea-pig to 
follow a temporal course which may, in relation to 
quite a good many receptor areas, be characterized in 
terms of the stages considered above.under Conclu¬ 
sion 9. 

Therefore, in place of asserting that behavior change 
results from "individuation” or "integration,” it seems 
that the results of the present investigation are best 
interpreted as a simple record of a series of responses 
in particular organisms in particular stimulus situa¬ 
tions. The scientific purpose of prediction and con¬ 
trol of the alterations that may be expected to take 
place in the behavior patterns of other series of fetal 
guinea-pigs and, with some reservations, in other series 
of fetal mammals, may be better served by comparison 
with the particular characteristics of the series of ob¬ 
servations presented here than by any abstract general¬ 
izations. Moreover, in spite of two very significant 
recent theoretical discussions by Stone (89, 90), the 
present writer still finds the suggested criteria for the 
radical separation of the influences of heredity and 
environment, as determiners of the early development 
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of behavior, impossible of application. For in one 
sense, at any rate, as the work on developmental 
mechanics shows, heredity and environment are inter- 
dependency involved in the determination even of the 
very cellular structures upon which all behavior at 
every level depends (11). 

In conclusion, therefore, the author proposes the 
abandonment nf what seem to be premature and all- 
inclusive generalizations in regard to integration or 
individuation, maturation or conditioning, which are 
intended to fit the behavioral growth of all responses 
at all ages in all fetal organisms. In place of such 
abstractions it seems rather that detailed factual scales, 
of which the one presented here is an example, should 
be prepared by those who arc interested in early be¬ 
havioral development. When such descriptive sched¬ 
ules have been recorded for different fetal organisms 
and for the same fetal organism under experimentally 
varied circumstances, and when the neurological and 
other conditions of the observed behavior have been 
worked out in relation to known stimuli, it may be 
possible to make valid inter-species comparisons. From 
such comparisons eventually accurate general laws of 
behavioral growth may be constructed. Facts which, 
so far as the author knows, are presented in this study 
for the first time, moreover, seem to demonstrate 
clearly that in this typical fetal mammal the develop¬ 
ment of response, in relation to specific receptor stimu¬ 
lation at successive growth stages, is far too specialized 
to be summarized with validity by any existing general 
theory of the development of behavior. 



IV 

SUMMARY 

This paper reports an experimental study of the on¬ 
set and development of reflexes and patterns of beha¬ 
vior in operatively exposed blit otherwise normal fetal 
guinea-pigs ranging from 27 to 67 post-copulation days 
in age. By the aid of a specially constructed chart, a 
series of over 100 definite receptor zones were usually 
stimulated in each fetus. A description of each re¬ 
sponse, checked by two observers, was recorded in 
shorthand. Elaborate moving-picture records were al¬ 
so made. 

Among others, the following conclusions are based 
upon the results of this study; 

The first true behavior of the fetal guinea-pig in¬ 
volves neck and fore-limb reactions which are released 
by unknown, i.e., “spontaneous,” stimulation at 28 
days. 

The first cxtcroccptivcly aroused reaction was a pat¬ 
terned response, following pressure stimulation of the 
ear, which involved neck and fore-limb muscle re¬ 
sponses at 31 days. 

During the course of fetal life, behavior, released 
by the stimulation of specific receptor areas, may, in 
spite of great variation at each age, change in a way 
that may approximately be described as a series of 
stages. For example, all typical "simple” reflex re¬ 
sponses to isolated stimuli can be shown to arise at a 
given stage which is temporally subsequent to a stage 
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at which similar stimulation led to a pattern of be¬ 
havior involving larger muscle groups. 

Light, sound, temperature, pain stimuli, non-audi- 
lory labyrinthine stimuli, as well as pressure and pro¬ 
prioceptive stimuli, all can be shown to release re¬ 
sponses during fetal life. 

There is evidence in late fetal life that the higher 
brain centers influence responses of the sort predomi¬ 
nantly mediated at the spinal level. 

The concept of the re/I exogenous zone is distin¬ 
guished from that of motor diffusion to specific, recep¬ 
tor stimulation, and the view is advanced that the 
“shrinking of the reflexogenous zone” is a more limited 
phenomenon than some writers have supposed. 

While strictly maintaining the scientific or "mechan¬ 
istic" point of view, it is possible for the external ob¬ 
server to recognize many of the responses of the fetus 
as "adaptive." A number of such responses arc con¬ 
sidered in detail in regard to their origin and develop¬ 
mental change during fetal life. Among those con¬ 
sidered are: (a) activity of the vibrissac; (/;) eyeball 
movement; (c) iris responses; (d) eye-winking; (c) 
ear-muscle responses; (/) nostril dilation; (g) tongue 
movements; (/<) changes in neck and body posture in 
relation to vestibular stimulation; (/) general sub¬ 
cutaneous muscle responses; (/) behavior acts con¬ 
cerned in feeding, air-breathing, excretion, locomotion, 
defense, expression, and emotional responses; and (h) 
adaptive responses of the total integrated organisms 
showing the sort of behavior which has been called 
"persistence by varied means toward the achievement 
of a goal" or "docility. 11 
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A number of new facts, which so far as the author 
knows are described for the first time in this study, do 
not confirm any of the allegedly universal theories of 
the development of hehavior such as those summarized 
by the concepts of "individuation” or "integration.” 
The specificity of the developmental sequences ob¬ 
served in this study indeed suggests that much further 
and more accurately quantified work must be done on 
the growth of behavior in many fetal mammals before 
the formulation of any such general theory of develop¬ 
ment may profitably be undertaken. 
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UNE fiTUDE EXPfiRIMUNTALE CHEZ I.E COCHON D'INDE 

FOETAL OF. L'ORIGINE RT DU OEVELOPPEMENT DES 
REFLEXES ET DES FORMES 1)U COMPORTEMENT FAR 
RAPPORT A I.A STIMULATION DBS AIRES RftCISP- 
TRLCES SPfiClPIQUES PENDANT LA PERIOD E DE 
LA VJR I'OE’JAI.E ACTIVE 

(RAsmjif) 

Cel tmirle rnpiwmo unc iiuilc cxperimcntalc du commencement ct du 
d/veloppcmcnl dci rfflcxci cc des Formes du cotiiprirtenicnt chcz ilea cocliona 
dindc fodaux opiralivcmem exposes innii .tut r email normnux Ag£s dc 
27 A 67 jimii nprii In copulation. On n le pUn louvcnt stimuli unc Bfiric 
dc plus dc 1(1(1 zdncj rtacptriccs dtfinic* chcz chaque foetus. On n noli 
slinograpliiqucinent unc description tic chaque rfponsc, conirolde, par deux 
nhiarvajeuo. On a /nil auni tie* noiaiinns ciniinfllogrApliiques Alaljorie*. 

Le premier vrai compoilcmenl du cochon d'lndc foetal camprcnd des 
reactions du Cou ct des ivaiu-nicmlues Icnqucllcs sum dichorgies pnr unc 
siimulntinn imuiimic.r.'csi-A-dire, "spniurniec," ft 28 jours. 

La premiere riictinh calf receptive mail dfdiargie n M unc ripome 
d'une forme dffinic, npris unc alimiiUtinn de I'oreillc par In prcsslon, qui 
a comprit dc» riponaea musculnirci du con cl des nvmit-membrea ft al 

jours. 

On pent montrer que lomea leu ripomca riflcxei t> piques aux stimuli isolfs 
»e nwnirrm it unc iihrc rionntk qui e»t siibsiijuaile A regard du temps 
Ik unc Mage uu unc Ntimulminn pnrcille cide unc forme dc camportcincnl 
qui comprcnd dc plus grands Krmipcs inuac.ulnirca, 

On niomre que les stimuli dc lunticrc, de sun, dc lciti|idrnltirr, lea stimuli 
dc dmileur, les stimuli Uhyriniluques non nuditifs, tiilai que les stimuli 
de pressimt cl (cb stimuli ptoprmceptif*, (kchurgenl (mm tie* repotues pen' 
dont In vie (acinic. 

II y a dc I’dvidcnrc duns In vie fortnlc aviwiric que les centres cdrdbrtiux 
supiricitrs influcncent Ice reflexes dc In mocllc ipmiftre. 

On distingue Je concept dc la gent r/flrxofffor dc fclui de In liiffution 
molrice A la slimululion rfceptrict iplfifi^ue, ct Port nvnncc I'hUe que "Id 
diminution dc In zone rillexoginc" cat un phinomine plus liniiti que 
quclqvkci nulcurs I'ont iitppoici. 

On contlllftre tiombre tic riponscit adaptive s cu dimil ft I'dgnrd dc leur 
nriginc ct dc leur cbitiiHcnuni du divcloppcmcnt pendant In vie foctole. 
Pormi ccllcs cninidirccn mmi: (n) I'nriivitc do vihriases; (b) lc mouve- 
ment do globe dc focal; (c) lea riponres dc I'iris; (d) les rligneincnls d’ycu*i 
(e) les riponaea des muarles des orcilles; (() In dilation des norincs; 
Iff) leu mouvoncniH de la Inngue; fh) lea cliangonciHs de In pasture du 
can ct du corps pir rapport A In atirmilntinn vcsiiluilnirc; (i) les reponsea 
gftnfirnlcB dca rnuidcs smm-cuinnics: (j) lea nutca dn comporlement dont 
i( VnRit duns |ca rftponacn tic prise de liuuriiltirc, tie rcapirniion de fair, 
d'cicridoii, dc locomnliaii, de diTense, d'expressinn el les rlpnmcs emolives; 
et (k) les rjponscs adaptive* dc (out I'organimnc irUtigrA. 

Les risuliats dc cellc ilude ne confirment cn dclnil aticunei dca lliforiea 
nflirmics univcraclles du divelnppemcnt du comptirtcincnt lelles que ccIIcb 
rdwimie* par lei concepts tie 'Tiiuliviiluniion" mi tic "l'lnifftrniion." 

Carwchabi, 
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EINE EXPERIMENT ELL E UNTERSUCIIUNC HEIM MEERSCHWEIN- 

CHEN VOR I)ER GURU AT DEER DIE BNTWICKLUNG DER 
REFLEXE UND GEBII.DE DES VERHALTENS IM VRRHALT- 
N1S ZD DER AN RE Hi UNO DER 8PEZIP(5CII(N EMPP- 
ANGERFLACHBN WAHAKND DSR ZE1T DEB 
AKTIVEN FflTUSLEBBNS 

(Reform) 

DIcic All hand In lift hcrichlcl tihcr cine eiperimctiulle Lfnlonuchung del 
Anfnngs uni] iler Euwirblung dcr Rtfltie und Oeblfila dti Verhallens bcl 
optrmlv nuigcaeuun, alier uiiut nmmalcti Ptinamecrschvvclrtchcn im Alter 
von 27 bis A7 Tflgen naeh dcr 1'aarung. Eire Rcihe von liber IOC brstlmm- 
len Empfdngerzoncn warden gcvr&hnlleh be] jeden F&tus ttogtrehl Eine 
BeschrciOung von jeder Reaction wurde in Kumchrift von zwei Bcobach- 
lern aufgcichriilen. Sorjifallige phologrnphlsche Au/nohmen tvurden auch 
gcmacht. 

Die ersten wahren VerhallungiiWciscn del Fdiu»meer«chweincberts bes- 
leben mjj* Uali- and Vorderbeinrcakiionen, die (lurch unbekonnte, d,Ji, 
"freiwillijw" AnreRung zu 20 Tagen ouigelfiil werden, 

Dio erstc exierozqiiiv flingcl^sifl Reflkfion \m cine MurterreaklJoii, die 
»uf OruckrcIxuitK ties Ohrer folglfl und die auch Hall- und Vordcrbeln- 
inuskdrcakiionert zu Jl Tagen eituchlon. 

Allc lypiichen Reflmeakiloncn auf iiolierle Rrize kSnnen hcl einrm 
gegebenen Smdium nithgewlcicn warden, die zcillich eiitem Stadium iolgt, 
l»el wdclicm Blmlichc Rcixung ta cincm Gcblldc dee Verhaltcni ftlhrt, dai 
nus gr&iseren Muskelgruppew beilcbr. 

Lichc-, La lit-, Temper Mur-, Schrncrzre'ize, nlchdob/rlnlhischc G«h3r- 
reixe, soivlc I)ruck- und Proprinzeptivreize erzeugen Renktlonrn wUhrcnd 
del Ffitualcbcm, vrie nnchgewleicn vrurde. 

E* glbt Evident; liclm apSicn Pflimlcbcn, doss die hoheren Hirnzentren 
die Hflckemn ark reflex e beeinRusScn. 

Dcr flcgrlfif tier reflexogenen Zonert utucnchcidet ilck von der der Metor- 
aujbreilvrtff auf ifxtifuche EtnpjUngerrtUii/iff, und die Anslcht wlrd vor- 
Reschlngcn, dans dns "Srhrumpfcn dcr rcflcxogcncn Zone” ein beachraflktcm 
Philnoincn ist, «b einige Aularcn vcrmulct ha ben. 

Elnc Anv./ibl AnormtingsrcnlfliDnen wircl in Einzelhciten In bezug auf 
ibren limp rung und die Enhvicklungaveranderung w3brend des PotuslebcnB 
betrneluer. Unier den bclrflehtelen ElnzeJheiten beflnden # slch: (a) Tfitrg- 
kdt dcr vibriasac; (l) Augapfclbcwegungj (c) Irlsre.iklionen; (a) Blmz- 
c!n mit den Augenj (e) Ohrenniurkelrcnkuoncnj (f) NaBenlochauadchnung; 
(tf) Zungcnhewegungtn; (h) VcrKnderungen der Mala- und Ktirperhaltung 
Irn A r erhaltnra zur V r orho/rcizung; (l) nllgemeine Mu9kelreize unter der 
Halit, (;) Verbaltungswcisen In bezug ouf Eisen, Almen, Anaacneidungi 
OrUverilnderung, Vcrtcidigung, Ausdrucks- und Ljemfihreakionen, una 
(i) Anpn.isimgarcnklionen tics gonzen integrlerten Organismus, 

Die Beiunde dlesca Studium* beetfltlgcn durchous nicht die angebUch 
Unlvcrselkn Lchren dcr Enhvkklurg des Verhaltens wie jene^ ate aurcL 
die Bcgfjffe der "Individuation" oder "Integration’ zusammengefasat 
werden. 
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